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"They are to be found almost everywhere; they cost nothing; 
they require neither expensive lenses nor an elaborate 
apparatus; they tempt us to explore the country and take 
pleasant walks; they are beautiful in themselves; and they 
suggest all kinds of difficult questions on life and being."
C.T.Hudson.
From Hudson, C.T. & P.H.Gosse 1886. The Rotifera
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THE ECOLOGY OF THE ROTIFERA OF A LARGE MARINE LAGOON
Abstract
The rotifer populations of the algae of a large marine lagoon (the Fleet, 
which lies behind Chesil Beach, Dorset, England) were assessed from 
1993 to 1998. Physical and chemical parameters were measured at 
different sites, including water and air temperatures, pH, and the ions 
INH4+, N03', PO/'and Si044". , Significant differences were found between 
species, species richness and total abundances with both spatial and 
temporal variations.. Granularity of some sites was measured. A new 
method of assessing water disturbance is described, using the loss of dye 
across a low-permeability membrane. An inverse correlation was found 
between on one hand species richness and total abundances, and on the 
other salinity. Some possible reasons for the distribution found include 
salinity, temperature, and the relationships between the morphology of 
the algae present and the rotifers’ behaviour and preferred habitat, with 
particular respect to the foot of Testudinella clypeata. Significantly larger 
populations of Proales reinhardti were found in the littoral pools 
containing mainly phaeophyte algae, than in those containing mainly 
chlorophyte algae. Laboratory experiments showed that sustained high 
temperatures are the probable cause of the populations of P.reinhardti in 
the littoral pools falling in late Spring. The identification and taxonomy of 
the species found are discussed. A new species - Proales fleetensis 
nov.sp. is described.
This thesis also presents some approaches to overcoming the difficulties 
of quantitative sampling of littoral rotifers.
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1. Introduction
1.1 Rotifers
The Rotifera form a taxonomically small but prominent group of aquatic 
invertebrates, which are widespread and often abundant in all freshwater 
habitats. Populations are much lower in marine environments than in 
freshwater, and intermediate numbers found in brackish water.
De Smet (1999) comments in respect to marine rotifers that “the rotifer 
fauna of these habitats [the periphytic and interstitial I littoral zone] is 
considered impoverished relative to their limnic counterparts. Although 
this statement is probably correct, rotifer diversity is unquestionably 
underestimated today, due to insufficient sampling efforts and preclusion 
of this group because of the small size of its members and difficulties in 
obtaining well-preserved specimens. For the same reason it is likely that 
many unknown species await description.”
Rotifers are multicellular 
pseudocoelomates, usually 
distinguished by a crown of cilia on 
the head giving rise to the name 
(Latin - rotos = a wheel, fero = I 
bear). The size may vary in length 
from 50pim to over 1mm in length, 
but 100pm to 300pm is more 
common. Some possess 
transparent tests (loricas) of 
various degrees of thickness. The 
phylum is subdivided into two
Cilia! corona
Mastax
Gastric
Stomach
Foot (cement) 
gland
Figure 1. Proales reinhardti. A 
typical rotifer. Left dorsal view. 
Right lateral view. Bar SOprh
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orders: the Monogononta possessing one ovary, which comprises most 
planktonic and many benthic and littoral species, both marine and 
freshwater, and the Digononta, possessing two ovaries which include the 
important, but less well-studied Bdelloidea - the leech like or creeping 
rotifera. There are a little over 2,200 known species, of the order 
Monogononta both freshwater and marine, and as the order of a 
comparatively small phylum they cover a very wide range of aquatic 
lifestyles, ranging from active raptor carnivores to permanently sessile 
filter feeders, and even as endoparasites ofjoligcrchaete worms, making 
them of considerable interest to the ecologist. In the freshwater plankton 
they may form 30 - 40% of the zooplankton biomass (Pace & Orcutt 
1981, Nauwerck 1978 - both cited in Nogrady 1988). They are an 
important part of the food web in freshwater environments (Arndt 1993). 
No estimate of the biomass of the littoral species exists although they are 
a prominent component of this biotope. Although the body form is 
extremely variable, Proales reinhardti is as typical as any, and is shown in 
Fig.1, with some of the principal features marked.
Their importance in the plankton has become increasingly apparent since 
about 1970. Although cladocerans and copepods are the dominant 
zooplankters in many limnetic environments, at times rotifers may 
account for most of the community grazing (Bogdan & Gilbert 1982) and 
contribute substantially to the biomass and productivity of zooplankton 
communities (Makarewicz & Likens 1979). Rotifers have been reported 
to form a substantial proportion of the total freshwater plankton biomass 
(Nogrady 1993), although their importance in marine waters is 
considerably less. This contribution to the freshwater plankton is due to 
their high reproductive rate, the highest for any metazoan. Their ability to 
convert primary production into a food for secondary consumers such as
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fish, make them an important element in the food web. They are also 
adept at exploiting different ecological niches. Thus they are an 
important component of the littoral microfauna. In the field 1 high 
densities can be encountered if sufficient food is available and in the 
absence of serious predation. In eutrophic lakes levels of more than 
10000 individual /L are common (Saunders-Davies 1988, Pontin 
pers.com.,) and densities of more than 100 000 were found by Nogrady 
(1988). In such numbers they can even serve directly as food for 
flamingos. Even greater densities can be achieved under cullture and 
mass aquaculture conditions, where levels of 50 000 to 500 000 are 
routinely achieved, where semi-mechanical continuous production 
systems are employed in the economically important pisciculture 
industries in the Middle East, Far East and Japan.
Their high reproductive rate, and complex reproductive cycle has made 
them useful as experimental animals. The fundamental mechanisms of 
aging have been investigated using rotifers since early experiments in the 
19th century, and are continuing today (Enesco 1992). The control of 
free radical damage in cells, particularly in the membrane proteins which 
serve as gates controlling the Ca+2 flux, has been studied using rotifers. 
Their unique reproductive cycle also makes them of interest to 
geneticists. Their widespread distribution makes them suitable subjects 
for work on genetic drift, and in particular the class Bdelloidea, with its 
solely parthenogenetic form of reproduction, unique amongst metazoans, 
has been used for work on the effects of random mutation on DNA, and 
other genetic research) (Welch, M & Meselson, 1998; Welch, J & Meselson 1998)
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Despite their comparative low numbers in the Fleet there were occasions 
when they formed the dominant fauna at some locations, although the 
total numbers were low. In view of the unique nature of the Fleet - the 
largest marine lagoon in Europe, and a Site of Special Scientific Interest 
gradel (SSSI-1), this makes them a group worthy of study in this habitat.
The rotifers in the Fleet 
showed the full range of 
feeding habits, varying 
from herbivorous algal 
browsers to active 
carnivorous raptors. This 
wide range of feeding 
behaviour results in the 
jaws (trophi) of rotifers
providing an important taxonomic feature, and they show very wide 
variation according to type of food (Fig 2)
Uncus
Ramus
Manubrium
-Fulcrum
Figure 2. Idealised trophi (jaws) structure 
(After Donner‘1966).
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LFigure 3. Two extremes of trophi development: on the left those of the raptorial carnivore 
Asplanchna, on the right those of the filter feeding Filinia. From Donner 1966. fm=fulcrum, 
u=uncus, ma=manubrium
The musculature of the mastax in which the trophi are imbedded allows 
both unci and rami to open, hinged about the fulcrum, and then close, 
seizing and tearing the food, in a regular and repetitive rhythm. In other 
species the unci and rami are adapted for pounding and crushing. Two 
extremes of the modification of the basic plan are shown in Figure 3; the 
left illustration is of the predatory and raptorial Asplanchna, the right 
illustration of a filter feeding Filinia, whose trophi show adaptions for 
pounding and grinding food particles The evolved two extremes recall 
the well-developed canine teeth of carnivorous mammals, and the ridged 
appearance of the molars of modern grazing herbivore. Some 
carnivorous and raptorial species can actually evert the whole mastax in 
order to seize prey.
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The reproductive cycle is 
unusual. It is normally by 
females producing 
parthenogenetic eggs, but 
after many generations 
haploid ‘mictic’ females 
appear which produce 
haploid eggs. If these eggs 
are not fertilised then males 
hatch. If the (haploid) mictic 
female is fertilised by a male 
she will produce ‘resting’ diploid eggs, generally thick-walled, and 
sometimes with spines, capable of enduring prolonged drought or other 
climatic extremes, over a period of many years. The stimuli which trigger 
mixis are poorly understood.
Resting eggs hatch 
to produce 
parthenogenic 
females
Fertilised haploid eggs 
become resistant resting 
eggs (diploid)
Many
generations of 
parthenogenic 
females
Haploid eggs 
ProducedUnfertilised eggs 
produce males
Haploid females 
produced
Figure 4. Reproductive cycle of rotifers
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1.2 Literature Review
Rotifers have been 
known since the very 
early days of 
microscopy;
Leeuwenhoek in 1703 
described and made 
drawings of microscopic 
animals that were 
certainly rotifers (Ford 
1985). Hudson & Gosse 
(1886) state that these 
probably included Limnias ceratophylli, Melicerta (now Floscularia) 
ringens, and Philodina roseola. The first reasonably comprehensive 
survey was that of Hudson & Gosse (1886). They described 330 different 
species in considerable detail, which were mainly freshwater, but which 
also included a few marine species. For many years this was the 
iprincipal guide to the taxonomy of the phylum as a whole, although the 
nomenclature soon became out of date as other species names were 
discovered to have precedence. In an effort to correct this Harring 
published his 'Synopsis of the Rotatoria' in 1913. Harring was one of two 
workers who published the important study 'The Rotifer Fauna of 
Wisconsin' This was published in 4 parts from 1922 to 1928. Despite the 
title of the work, it had world-wide application due to the generally 
cosmopolitan nature of rotifers. Although in this work Harring & Myers
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Figure 5. Leeuenhoek's drawings of rotifers. 
From Ford
describe mainly freshwater species they also found a number of marine 
and brackish-water rotifers. In the ensuing years there were several 
important monographs on different genera or the rotifera of certain areas, 
such as those of Ahlstrom (1940), and the literature on the taxonomy and 
morphology of the Rotifera became reasonably comprehensive. In a 
pioneering work Voigt (1956) described some 1800 species including 
bdelloids, and Koste (1978) extensively revised his work adding much 
extra information and many illustrations. Ruttner-Kollisko (1974) 
described most of the planktonic species, and discussed their taxonomy. 
Pontin (1978) provided a key to most freshwater planktonic species. 
Recently a continuing series of monographs on individual families have 
appeared in English, published by SPB Academic Publishing bv under an 
editorial committee of James Green, Walter Koste and Birger Pejler. 
These currently (1999) include: Rotifera Volume 1 Biology, Ecology and 
Systematics (ed. Nogrady 1993); Vol.2 The Lecanidae (Segers1995);
Vol.3 The Notomatidae and the Scaridiidae(Nogrady et al, 1995); Vol. 4 
The Proalidae (De Smet 1996) and Vol.5 The Dicranophoridae (De Smet 
1997). Use was made of all these for identification and reference during 
the present study.
As noted the phylum is particularly well-represented in fresh waters, but 
comparatively poorly in brackish, marine or saline waters. The major 
studies in this area have been of the planktonic species, which are more 
easily susceptible to quantitative analyses. Longhurst (1972) commented 
in respect of the benthos: "[organisms are] ..so sparsely distributed that 
much time will be expended in obtaining sufficient numbers for statistical
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treatment. The comparisons between this and a plankton sample with 
quantitative gear are so obvious as to need no emumeration". Cambell et 
al (1982) in their paper on the microspatial distribution of Cladocera note 
that “sampling the populations to determine spatial pattern is difficult in 
heterogeneous environments, exemplified by the littoral zone” Their 
remarks were applied to a lacustrine environment, but are equally 
applicable to a lagoon such as the Fleet. Some work has been done on 
the non-planktonic species, such as that of Chengalath (1985), who found 
a number of species in the Canadian Arctic sea ice, including Proales 
reinhardti, which is prominent in the Fleet, and would appear to be a true 
stenohaline species, not found in freshwater. In contrast Brain and Koste 
(1993) found several species of Proales, including a new species, in 
hypersaline springs in the Nabib desert, although Segers (1995) believes 
this has been mis-identified and is synonymous with Lecane hastata.
Most of the quantitative study of non-planktonic species has been done 
on the interstitial habitat. Pennak (1951) reported on a number of species 
found in the freshwater interstitial, but commented that rotifers are rare in 
marine beaches. However subsequent work by Turner (1990 and 1993) 
and especially Tzschaschel (1979,1980 and 1983), have shown that 
there is a substantial population of interstitial rotifers in some marine and 
brackish water localities above the anoxic layer that is almost invariably 
present in such habitats.
Turner (1990) initially found 11 species and one subspecies in sand and 
mud from beaches in Florida. He found Encentrum marinum and 
Colurella spp. were the most common, a finding in accord with the 
current study, and noted that many species of Colurella are 
psammophiles, and like many species of Encentrum are frequently found 
in the saltwater psammon. He only sampled the top 3 cm of muddy sand,
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and did not measure salinity or conductivity. He later found 18 species of 
rotifer in another brackish Floridian beach (Turner 1993). They were 
mainly distributed some 2 meters (horizontally) above the high water 
mark. He found most rotifers in the top 4cm of sand, and Proales spp. 
were not found at all below this depth. He did not measure salinity, but 
suggested that it was probably slightly less than that of sea water.
Tzschaschel (1979), in a major study of the interstitial of the island of Sylt 
in the North Sea, found 21 species, including 13 new species. The 
majority of these were again found above or near the high tide mark. His 
new species were mainly of the soft bodied genera Encentrum, and 
Proales. Surprisingly he did not find Proales reinhardti or Encentrum 
marinum, both of which have been found commonly in the marine and 
brackish periphyton, and are common in the Fleet. In subsequent papers 
(1980 & 1983) he dealt with the same habitat on a more quantitative 
basis. In the later paper he describes finding 13 species, with the 
maximum abundance in the top 20cm of sand, and in the zone just below 
the Maximum High Tide Line. He measured seasonal abundances of 
Colurella spp., Proales spp., and Encentrum spp. His results agree with 
those of the present study of the Fleet, although there were intrageneric 
differences: Proales showed a maximum in early spring, and were largely 
replaced by Colurella spp. in summer and early autumn.
A study by Kameswara Rao and Chandra Mohan (1984) found 16 
species of rotifers in the sediment of Visakhapatnam Harbour, and noted 
that the abundance was inversely proportional to salinity (which varied 
considerably over the period of the investigation) a finding which is 
similar to the present study.
Rotifera of a marine lagoon P .12
Thane-Fenchel (1968) was among the first to examine the periphytic and 
benthic rotifers in marine and brackish water. Working in Scandinavia, 
she treated the general distribution, the feeding biology and the 
quantitative importance. The salinity of her sites was considerably lower 
than the average for standard sea water, and that over much of the Fleet. 
She commented that the taxonomy of several genera is very difficult and 
often needs revision. These genera included Colurella, a prominent 
component of the Fleet rotifer fauna, particularly in the later part of the 
year, and Encentrum, also commonly present in the Fleet. She described 
several species of Colurella, and agreed with the study of A.-M. Jansson 
(1967) that a large component of their food was bacterial. Although her 
paper mentions rotifer populations of macrophytes and algae, it would 
appear that the quantitative element in her study relates to rotifers in the 
sand and sediment (the psammon), rather than the periphytic and benthic 
algae.
The influence of salinity on asexual and sexual reproduction of rotifers 
has been investigated by several writers, often in respect to Brachionus 
plicatills, a species which has been widely used as food for fish fry. 
Pozuelo & Lubian (1993), in in vitro experiments, found that increasing 
salinity resulted in decreasing reproduction. In lower salinities it 
developed as a food-limited system. Mazuelos et al (1993) studied 
ephemeral dune ponds and found that the distribution of only a few 
species was related to salinity.
The biology and ecology of lagoons, such as the Fleet, and estuaries, 
which have some features in common with lagoons, have been well- 
researched. Bamber et al (1991) categorised lagoons in various groups,
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partly with a view to conservation aspects. They studied or obtained data 
on 166 brackish lagoons in Great Britain, including the Fleet, but noted 
that the Fleet was an order of magnitude greater in size than any other in 
their survey. They classed lagoons into various types; the Fleet 
corresponds to their type SI - Sea Inlet with a constricted mouth. They 
commented that the longitudinal salinity profile was normally stable. 
However this observation was based on measurements made over a 
relatively short period of time and the current study indicates that this is 
not necessarily the case with the Fleet (see the section on Results in this 
thesis), probably due to the amount of sea water seepage through the 
shingle on the coast side, and exceptionally high temperatures and lack 
of rainfall occurring during part of the survey. On one occasion the partial 
freezing and then melting of the top layer at the Abbotsbury embayment 
led to unusually low conductivities which were measured in the top 10cm 
of water. Haines (1979) comments that a valid generalisation about 
estuaries (and there are similarities between an estuary and a type SI [ 
Sea Inlet] lagoon such as the Fleet) is that they tend to trap water borne 
particulate matter.
Three symposia have been held about the Fleet. Reports of these have 
been published by Dorset County Council. All were edited by Ladle 
(1981, 1985, and 1995). The first covered a wide range of subjects and 
included the hydrology and geological aspects of Chesil Beach, which 
bounds the Fleet on the ocean side, as well as some biological studies, 
most of which reflected the personal interests of the participants. These 
included work on ostracods, molluscs, algae, macrophytes (especially the 
eel-grasses Ruppia and Zostera), fish and birds. Robinson (1981) noted 
that the Fleet was truly estuarine in character, ranging in salinity along its 
length from marine salinities at the mouth to almost fresh water at
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Abbotsbury from time to time, but was very variable in profile according to 
whether drought or heavy rainfall conditions prevailed. A second 
symposium dealt mainly with biological submissions, which included a 
survey of the meiofauna (Humphrey 1981) but did not include microfauna 
such as rotifers. At the third symposium a short paper on the Rotifera of 
the Fleet was presented - Saunders-Davies (1995)
Green (1995) investigated the Rotifera of a Malaysian estuary where 
salinity varied along its length. He used samples taken with a 55pm 
plankton net, but observed that some stations were rich in vegetation and 
the net made contact with this, and so collected some periphytic rotifers 
as well as planktonic. He found a decrease in species richness and total 
abundance with increasing salinity, although his measured conductivities 
were lower than those prevailing in the Fleet. He visited the sites in two 
different years and found considerable variation in community structure 
with time.
The graded nature of conditions in the Fleet make it ideal to study the 
factors affecting the distribution of periphytic, littoral and benthic Rotifera 
in marine and brackish conditions.
With respect to sampling, most of the authorities cited are emphatic about 
the importance of examining live material, e.g Nogrady (1993), Nogrady 
et al (1995). In many cases identification is not possible with fixed and 
contracted animals, and since rotifers have a specific gravity that is close 
to that of unity (Saunders-Davies & Pontin 1978), flotation methods are 
not successful in separating them from other organic matter. Papers 
dealing with the quantitative analysis of periphytic and littoral rotifers, as 
opposed to interstitial rotifers appear to be lacking. Pontin & Shiel (1995)
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initially used a SOjLim mesh net, but then switched to using a 40ml syringe 
to suck up samples when investigating the periphytic rotifers of billabongs 
in Australia. Another exception is that of Peters, V., W.Koste and W. 
Westheide (1993), whose suggestions with respect to bdelloids found in 
moss, form the basis for one of the techniques described here.
In view of the comparative lack of information about marine and 
brackish-water rotifers and their distribution, and in particular quantitative 
information about the rotifers of the marine littoral, this investigation - 
centred on a unique location, the largest marine lagoon in Europe and a 
Site of Special Scientific Interest Grade 1 (SSSI-1) - seemed worthwhile.
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1.3 The site
Abbotsbury Embayment
Morekhams Lake
o Moonfleet
Weymouth Bay
isj j^ TIOl-rë ^ rgSIfil-!^
jï^ügpj j S i fjT »■ fel ; i  ^ r g j  i«S jgléS j jw
Figure 6. Map of the Fleet. The bar is 1km, and the main sampling points are shown 
with a star. The inset shows its relationship with the British Isles
Süb-tidâl.HôliéWs
gx^ELWL
pÆ .°phïte
f  Chlorophyte
Figure 7. Area of study at Ferry Bridge. Note orientation by 90° to Fig 6
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Figure 8. View of the Fleet from Portland looking West. Weymouth harbour and 
Ferry Bridge are visible on the right, and the Abbotsbury Embayment is at the very 
top left.
Figure 10. The Fleet seen from above Abbotsbury looking East. Portland is just 
visible at top left.
Figure 9. The Ferry Bridge (Eastern) end of the Fleet, looking NW, showing the 
sand flats and well-sorted pebbles of Chesil Beach on the left.
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The Fleet is the large 
macro-tidal (tides greater 
than 2m) marine lagoon 
which lies behind the 
well-known Chesil Beach. 
It is unique in Europe, 
and is a Site of Special 
Scientific Interest - Grade 
1. It is 13km long and 
can be divided into two 
parts: the Eastern Fleet, which comprises the sand flats at the marine end 
at Ferry Bridge, the deep 
Narrows and the eastern 
part of the lagoonal basin.
The Western Fleet 
comprises the rest of the 
lagoon ending in the 
Abbotsbury Embayment at 
the extreme north-west.
Chesil Beach itself consists 
of graded pebbles, the 
larger sizes appearing at 
the North West end of the 
beach, and the smaller ones at the South East. On the landward side the 
weakly consolidated strata have been eroded, and the resulting rockfalls
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Figure 12. Part of a pool in the phaeophyte area, 
showing Pilayella attached to Fucus sp.
Clumps of Sea Purslane
Figure 11. Pools in the chlorophyta area of Ferry 
Bridge
have combined with weak wave action to provide a poorly sorted rocky 
shoreline.
In spring and early 
summer this 
shoreline is covered 
with mats of 
filamentous algae. At 
the Ferry Bridge end 
which is open to the 
sea, the site is more 
exposed to tidal and 
wave action and consists of a mix of pebble areas and large sand flats. 
Some areas are more sheltered and the sediment here is finer tending 
toward clay. In virtually all parts of the Fleet there is a strongly 
anoxic black layer below the surface, ranging from a depth of a few 
millimetres in the less turbulent 
areas to several centimetres in 
the sand flats.
At the other end of the Fleet at 
the Abbotsbury Embayment is 
the famous Abbotsbury 
Swannery, home to more than 
600 swans, which roam the 
length of the Fleet. At times they
Figure 14. Sampling point at Morkhams Lake in
Figure 13.Shore at Moonfleet. Left in Spring, right in Winter 
taken from the same viewpoint
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were fed at the Morkhams Lake site, which caused problems (fig. 11 ). 
There is also a rich and varied wildfowl population, some of which is 
specific to the Fleet, and some of whose birds are known to breed 
nowhere else.
The contribution these birds 
make by reason of their faecal 
material to the eutrophication 
of the Fleet has not been 
quantified, but must be 
considerable. Equally the 
browsing of the swans and 
other herbivores must have some effect on the Zostera and Ruppia 
populations. In the last ten years Japanese Seaweed (Sargassum 
muticum) has appeared in the Fleet, but this has not become as 
widespread as initially feared.
Figure 15. Sargassum muticum. (Japanese 
seaweed)
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1.4 The algae of the Fleet.
At the marine (Ferry Bridge) end the littoral pools were mainly populated 
by either an assemblage of Enteromorpha, Rhizoclonium and Percursaria 
in the chlorophyte area, or Pilayella in the phaeophyte area. The algae in 
the sublittoral hollows was mostly a mixture of Pilayella, Ectocarpus and 
other unidentified Enteromorpha and the occasional Rhodophyte.
The algae at the Western end of the Fleet were at Abbotsbury almost
Figure 16. Chaetomorpha linum Figure 17. Pilayella
exclusively patches of Chaetomorpha, and a mix of Chaetomorpha, 
Enteromorpha and other filamentous algae at Morkhams Lake. 
Chaetomorpha was never found east of Morkhams Lake.
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Figure 18. Pilayella gametangia and 
sporangia
Figure 19. Rhizoclonium sp.
%
50um
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Figure 20. Percursaria percursa
.. #
50um
Figure 21. Enteromorpha flexuosa
The most common species of algae present in the Fleet are shown in 
Figures 16-21
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2.0 Methods & Method Development
2.1 Sampling and Sample Treatment
2.1.1 Sampling problems and solutions
Studies of the Rotifera of marine and brackish environments are rare; and 
are mainly confined to the interstitial spaces between sand and particle 
grains. Equally there are comparatively few quantitative studies of the 
littoral and benthic rotifers in general. The Fleet posed two problems in 
this respect: The presence of mucilage from epiphytic diatoms and other 
algae together with faecal matter from numerous copepods, planarians, 
molluscs, insects etc., combined to form a general organic detritus; and 
the low numbers of rotifers present. These two factors made finding the 
rotifers in the samples difficult. While authorities are agreed that 
examination of live material is often necessary, it is not alway possible. 
The usual fixatives recommended (Nogrady 1993) include formalin and 
Lugol’s iodine, both at 4 - 5%, and ethanol at 30 - 50%. When fixed 
many of the illoricate (soft bodied) rotifers contract into comparatively 
amorphous blobs of protoplasm. Nonetheless, in plankton, these are 
relatively easy to pick out since their numbers are high, plankton rotifers 
are often loricate or possess appendages such as paddles (Polyarthra 
spp.), other plankton is easily distinguished, and the amount of detritus 
that is present is limited. This makes it possible for the experienced 
observer to identify the rotifers with a reasonable degree of accuracy. In 
the littoral the situation is much more difficult. As noted above, most 
authorities consider it important to examine live material. For these 
reasons the material was examined for live rotifers, where their 
movements drew attention to themselves.
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2.1.2 Site selection & sampling technique
Four sites were selected, after a preliminary survey, to give a reasonable 
gradient of salinity, and other conditions, such as exposure: Ferry Bridge 
at the end open to the sea, (as noted above, during the later part of the 
study the Ferry Bridge site was further subdivided into 3 areas). 
Moonfleet, approximately 5km along the Fleet, Morkhams Lake, and at 
the blind end, the Abbotsbury Embayment. Three 100 ml samples were 
taken from different places within each site. 100ml plastic specimen 
bottles were lowered horizontally into the water and three portions of the 
algae scooped into each bottle, taking care to minimise the intake of sand 
and other detritus. The pools were very shallow, varying between 5cm 
and less than 1cm, where damp algae was scooped into the bottles. The 
water at the point in the Abbotsbury embayment where sampling took 
place was rather deeper, at about 0.75m deep, and here the dominant 
alga, Chaetomorpha linum, formed beds of about 0.5m thick, at different 
depths below the surface. It is possible that a small number of rotifers 
may have escaped during the samping process as described, but the 
objective was to obtain comparative results, rather than the absolute 
number present, and the technique was consistent from one sampling 
period to another. Later in the study, areas in the centre of the Fleet were 
sampled. In this case samples were taken by wading and swimming 
approximately 400 metres from the shore at Morkhams Lake (also known 
as Cloud Hill Farm) in water of a depth of approximately 1.0 to 1.5m. 
Turbidity precluded visual examination of the bottom, but five samples of 
the bottom algae and plant material covering the floor of the lagoon were 
taken into 100ml bottles.
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2.1.3 Sample treatment
On return in both the littoral and deep sampling these samples were 
aggregated in shallow dishes. Then subsamples were taken sufficient to 
fill a 90mm petri dish to a depth of approximately 5 mm and extensively 
searched to establish the total number of different species present, and 
give a subjective impression of the relative abundances of the principal 
species. To achieve a more accurate measure of rotifer abundance, 6 
small subsamples of approximately 100mg wet weight each of the algae 
were then taken and placed in cell culture dishes. The algae were teased 
out with needles and the mucilage broken up by water jetting using a 
hypodermic needle fitted with a rubber teat. The cells were then 
exhaustively searched and the numbers of the main species recorded. 
Nematodes and copepods were also counted, since they are potential 
predators on rotifers The contents of the dishes were then filtered onto 
Whatman No 1 42mm circle filter papers, washed in tap water, with a final 
rinse with de-ionised water, dried at 40°C for 2 hrs, then allowed to stand 
at ambient room temperature of about 20 - 25°C for one hour (to avoid 
convectional air currents in the balance chamber) and weighed. In the 
early part of the study the balance was a Mettler H64 analytical balance 
reading to five decimal places. Later an Adams Electronics four place 
balance was used. Examination of the dried algae showed that no lysis 
or other osmotic effects had apparently ocurred. The numbers were then 
expressed as number per 100 mg dry weight of algae. This enabled 
quantitative comparisons to be made. Small quantities of the remainder 
of the algae were placed in 90mm petri dishes and left exposed to 
daylight, with small evaporative losses being made up with de-ionised 
water. Over a period of days, or in some cases weeks, species would be 
found which were not seen during the initial examination. These may
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simply have been missed during the original examination, or have 
developed from resting eggs.
2.1.4 Variation of filter weight with humidity
It was noted that on occasion the weight of the filter actually appeared to 
change while the filter was on the balance pan. The balances (originally 
a Mettler H64 analytical beam balance, and later an Adams Electronics 
four place electronic balance ) were checked against a known weight 
before each session and found to show a repeatability of ±0.0001 g.
It was assumed that the change in weight was due to to hygroscopic 
absorption of water vapour from the atmosphere. Weighing of six filters 
under varying conditions of relative humidity and temperature showed an 
increase with humidity. The results are shown in Table 1.
Table 1. Changes of weight of filter papers. Figures in columns 2,4 
& 5 refer to temperature/relative humidity.
Temp./RH 20/50 20/57 Difference 20/65 Difference
Filter No. Weight (g)
115 0.1264 0.1269 0.0005 0.1272 0.0008
116 0.1213 0.1219 0.0005 0.1221 0.0008
117 0.1199 0.1205 0.0006 0.1206 0.0008
118 0.1219 0.1224 0.0006 0.1226 0.0008
119 0.1193 0.1198 0.0005 0.1200 0.0007
120 0.1221 0.1226 0.0005 0.1228 0.0007
Mean 0.0005 0.0008
St Dev 2.93E-O5 4.2OE-O5
The rise in weight from a relative humidity of 50% to 65% is relatively 
small and since all weighing took place within this range, did not affect the 
results.
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2.2 Handling rotifers
With their small size (50pm to about 1mm, but mainly about 100 - 200pm) 
and fragile nature, rotifers present some problems in examination and 
handling. They are best picked out of a sample with a fine pipette. This
teats, were used. The grinding is best carried out by hand on dry emery 
cloth at relatively low speed, since using a grinding wheel will cause the
metal to turn over.
2.2.1 Compressoria
When examining live material a compressorium is a most desirable 
accessory to restrain the movements of organisms so that examination of 
their morphology can be made. Two compressoria were built, 
incorporating the features advocated by Edmonson (1959). One was an 
original design using a spring loaded pillar on the left hand side, and a
can be made easily from glass 
| | i  tubing, but because of their
Figure 22. Modified pipette
fragile nature hypodermic 
needles with the tip ground flat 
attached to rubber or plastic
Lowering
screw
Compression
spring \
Levelling
screw
Figure 23. The ‘spring type compressorium
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lowering screw on the other. The top plate is free to swivel about the 
pillar. This enable rotifers, or their trophi, to be rolled over to provide 
different aspects for examination. See fig. 24.
Figure 24. The compressorium showing the swivelling action of the top plate
A glass tablet is mounted on the bottom plate, with a raised centre part to 
prevent capilliary action drawing the rotifer out of sight. This is achieved 
by cementing a 10mm coverslip to the glass with Loctite Glassbond, 
a UV setting acrylate. The top plate carries a thin cover slip on its lower 
surface. At one end a spring loaded pillar bears down on the top plate. 
Two levelling screws either side of this pillar enable adjustment to the top 
plate in three planes. At the other end a screw enables the top plate to 
be lowered onto the bottom plate. Since the levelling screws simply bear 
on the bottom plate, the top plate is free to swivel in the horizontal plane..
The second compressorium was based on the design of Martin (1972), 
and relies on gravity for its compression effect.
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Figure 25 The gravity type com pressorium
mRmSi
Figure 26. The gravity compressorium open for loading
With both types of compressoria the top cover slip is displaced relative to 
the top metal plate opening so that one edge (right or top) is aligned with 
the right or top edge of the circular tablet. This allows access for the 
introduction of reagents, such as sodium hydroxide or hypochlorite, so 
that trophi may be dissolved out of the body of the animal.
With the gravity type an elegant method is easily available to minimise 
the excess water that may accompany a rotifer pipetted onto the tablet
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(described in Martin - op cit.): the top is just lowered until contact is made 
with the drop, then the compressorium is opened - the drop divides into 
two, part on the top coverslip, part on the tablet. Inspection will show 
which part contains the rotifer - this is usually the bottom half, and the 
other part is wiped off. This is repeated until the rotifer is confined in a 
very small droplet.
Studies of the foot of Testudinella clypeata were made using an inverted 
microscope. Small celled slides were constructed using thin aluminium 
alloy plates with a 18mm hole cut out and a cover slip cemented under 
the hole. This enabled examination to be made with a high power water 
immersion apochromat of 1.25 NA
2.2.2 Electonic flash photomicroscopy with transmitted light
Many techniques have been described for this, such as that of Dodge 
(1984) but a simpler method involving a beam splitter was employed 
(Saunders-Davies 1983). This uses a dedicated flash unit, fitted with a 
simple condenser, firing at the beam splitter (a semi-silvered mirror), 
which which is mounted at 45° over the built-in lighting - see Figure 27.
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Figure 27. Apparatus for electonic flash photomicography. The dedicated  
flashgun (T32) can be seen on the left.
The exposure is automatically computed by the Olympus OM2 camera 
mounted on a trinocular head, which quenches the flash when the correct 
exposure has been achieved. Electronic flash and silver halide film is 
effective but has a number of drawbacks:
An important frame may be taken early in a roll of film, 
necessitating either a long wait until the rest of the film is used 
before the microphotograph can be examined, or the sacrifice of 
the bulk of the film.
There is an uncertainty as to whether the feature required has 
been caught on film until the film is developed
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2.2.3 Digital Image Capture
Digital video microscopy is now a widely used technique in many 
branches of biological science. Permanent images were therefore 
captured on a digital capture system, with a video camera mounted on 
the microscope, feeding a dedicated electronics capture board installed in 
the computer, which in turn fed a video card which drove the monitor. 
Novarino and Roberts (1994) describe a professional quality system to 
capture film clips of the flagellar behaviour of some protists.
The camera used in this system was a Panasonic camera model 
CP410, using a 1/3 inch CCD (Charge Coupled Device). Resolution is 
determined in the horizontal plane by the number of TV lines the camera 
can handle. Home and hobby cameras will usually provide 250 lines.
The highest professional standard cameras will reach 700 lines. The 
CP410, and similar cameras from Sony and JVC, have specifications in 
the range of 460 - 480 lines. Historically the original IBM personal 
computer (PC) was fitted with a standard Video Graphic Array (VGA) of 
640 horizontal by 480 vertical pixel resolution. This was soon superseded 
by 'Super' VGA (SVGA) giving resolutions of 800 X 600 and up, and this 
resolution was used and found satisfactory.
The capture board in the computer was an Elvis III capture board 
supplied by Vision Electronics Ltd. of Hemel Hempsted. This accepts the 
standard composite signal generated by the camera of 1V pp into 75ohm 
impedance. It provides an output image area of 752 X 512 pixels, and 
thus realises 86% of the camera image and covers 80% of the monitor 
screen at 800 X 600. The question of resolution is a vexed one. It is
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generally accepted that two points may be resolved if first order diffraction 
spectra do not overlap. This is primarily the function of the objective. But 
even if the objective is capable of resolving the points the eye or film or 
CCD device must also be capable of discriminating between the two 
images. In a CCD device this depends on the pixel density of which the 
device is capable. In comparison with film Entwistle suggested (Entwistle 
1996) that 1,000 pixels along the horizonal dimension would equate to 
the average resolution of a photographic film. In this case 752 pixels 
were available, but all details noted by visual observation could be found 
later in the digital image by using software to enhance the image by 
changing the colour depth (brightness) of adjacent pixels. Another 
possibility is to raise the camera until the two points resolved by the 
objective fall on separate pixels, but objectives are designed to work at 
their optimum resolution when their primary image is formed at a fixed 
distance from the back plane of the objective. If the image is formed at a 
greater distance then resolution will suffer.
The computer attached to the video camera was initially an IBM 
compatible 386DX/25 with a reasonably fast (12ms access time) large 
(500 megabytes) hard disc and 8 megabytes of 70nS RAM and fitted with 
an Orchid Farenheit 1280 ISA video card with 1M of video RAM driving a 
well-corrected 14 inch Liteon monitor of .28mm dot pitch. The computer 
was later upgraded to a Pentium class Cyrix 150 MHz 686 with 16M of 
memory. The size of RAM is almost more important than the speed and 
type of processor, although Windows 3.1, which was the operating 
system under which the capture software was used, will work with 8M of 
memory. The images captured by this system were then transferred to a 
486 DX2-66 (later a Pentium class 166 Cyrix 686 fitted with 32M of 
memory running Windows 95) for adjustment and enhancement.
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Grey scale images of a size provided by the cameras mentioned, with an 
8 bit depth (28 = 256 grey scale levels) were found quite satisfactory, 
since colour is rarely of value in rotifer identification, particularly where the 
trophi (jaws) are concerned, and this type of file can be handled by 1 
megabyte of video memory. However such a file will typically occupy 
about 370 kilobytes of disc space. Fortunately some compression 
formats are available. Most images used in this study were saved 
originally in .bmp (Bit Mapped Picture) format but were then compressed 
into the widely used JPEG (Joint Photographies Expert Group) (.jpg) 
format. This resulted in a typical file size of = 85 k.
Empirically it was found that the best results were obtained when the 
sensing element in the camera (CCD), was mounted where the primary 
image plane of the objective was formed. This is also satisfactory on 
theoretical grounds (Thompson - pens, com.), but has the drawback that 
the CCD image realises only part of the view seen in the eypieces. Since 
the apparatus is normally used by reference to the computer monitor this 
is not a serious drawback. Apochromatic or fluorite objectives normally 
require special compensating eyepieces to achieve full chromatic 
compensation for chromatic aberration, but one of the advantages of 
digital microscopy is the ability to select only one channel (of Red, Green, 
Blue) thus obviating such a need for monochrome capture in 256 grey 
levels (8 bit).
The files were printed on a Hewlitt Packard 5L laser printer with a 600 dpi 
(dots per inch) resolution, or Epson 800 colour inkjet with upto 1440 dpi 
resolution.
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One disadvantage is related to the PAL video standard used in the UK. 
(similar problems occur with the North American NTSC standard). This 
provides a scan rate of 50 frames s'1 (fps). However the image is 
interlaced: every other line is scanned in 1/50 second, and the alternate 
lines scanned in the next 1/50th second. On a fast changing image part 
may be displaced in the first scan relative to the second scan. This 
results in a slightly 'striped' image. This can be seen on some of the 
videographs. Even on the high quality equipment used by Novarino & 
Roberts (1994) the published images show some effects of this nature.
The images were manipulated using a variety of software programs:
Corel Photopaint, and PaintShopPro were found to be most useful. No 
pixels (picture elements) were deleted or added, except in irrelevant parts 
of the images, but their density was changed to enhance legibility. The 
manipulation was confined to increasing sharpness, using the edge effect 
of increasing the density gradient across a given distance in the image. 
Scale bars were copied and pasted into the image from frames of stage 
micrometers captured with the same objective as the rotifer or trophi 
image.
Analysis of the videographs was greatly helped by using the program 
NIH-IMAGE. This program was originally developed for the Macintosh 
ccomputer, but has recently been re-written to run under the operating 
system Windows 95 on the IBM PC, in the shape of SCIONIMAGE. This 
program was developed by the American National Institute of Health, and 
is available free from http://www.scimage.com. It provides a wide range 
of image manipulation facilities, including image enhancement, such as 
changing contrast and brightness, finding edges, sharpening, softening
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and edge-enhancement. It also includes some image analysis functions, 
such as particle counting, measuring areas, densities and lengths, and 
histogram analysis of the number of density levels in an image.
One use of the frame capture technique was to analyse the length and 
surface area of the algal filaments per unit weight of the predominant 
algal species in the Fleet, as well as their average width.
2.3 Physical parameters
Both air and water temperature were recorded at the time of sampling at 
each site. In order ensure consistency measurements were taken at 
approximately the same tidal state on each occasion, both as to tidal 
cycle (Spring Tide) and to period within the cycle (High Tide), starting at 
approximately midday at Ferry Bridge, and then at about 1 -1%  hrs later 
at Moon Fleet, Morkhams Lake and Abbotsbury..
2.3.1 Temperature
Temperature was measured for both water and air, as close as was 
possible to midday, The temperature was taken in the top 5 - 10cm using 
a Philip Harris electronic probe thermometer, accurate to one place of 
decimals.
2.3.2 Conductivity I Salinity
Salinity is now defined as a conductivity measure. Standard Sea Water 
gives a conductivity of 56mS at 15°C .
Conductivity was measured using a Whatmans CDM 100 Conductivity 
meter with manual temperature compensation.
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Where experimental data were taken using very small (c. 7ml) amounts in 
petri dishes (55mm diameter), it proved impractical to use standard 
Whatman conductivity probes, since the depth of water in the dishes was 
only some 5mm. However it was possible using a Horiba C-173 meter. 
This uses only a drop of water (c. 0.1ml) placed directly on the probe. 
Although the maximum conductivity of the meter is only 20mS, dilution 
enabled much higher conductivities to be measured. This was achieved 
with a micropipette using disposable tips requiring only 0.1ml to dilute the 
sample sufficiently.
2.3.3 pH
pH was measured using a Whatmans \i Sensor with Automatic 
Temperature Control. This was calibrated each day before measurement 
with standard buffer solutions. These were supplied by Whatmans in the 
form of capsules which needed to be dissolved in 100ml of de-ionised 
water. Where experimental procedures were carried out in small 55mm 
dishes a Camlab pH Boy C1 meter was used. This employs a F ET probe 
only requiring a single drop of water to make a reading.
2.3.4 Inorganic ions
Inorganic ions likely to be important to algal growth were measured. Hach 
water analysis kits supplied by Camlab of Cambridge were used, which 
employ pre-weighed reagents in plastic sachets, and visual colour 
comparators. The Hach kit use these reactions to measure the ions: 
Ammonia was measured using Nesslers solution. Nitrate was reduced 
to nitrite using spongy cadmium, and then converted to a diazonium salt, 
which was coupled with another aromatic amine to yield a red azo-dye. 
Silicate was reacted with molybdate and then reduced to yield blue
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silicomolybde num blue compound. Phosphate was reacted with 
molybdate again and reduced to the molybdenum blue complex. Nitrate 
and ammonium were measured for the first year of the study, However 
when it became clear that there was no correlation between these ions 
and rotifer distribution the measurements were discontinued. Phosphate 
and silicon asSiO/'were measured later in the study..
2.3.5 Exposure and water movement
In many marine environments the degree with which a biotope is 
subjected to water flow or wave motion has an important bearing on the 
species present. Measurement of this has always proved difficult.
Designs for electronic devices exist but these are expensive and not very 
reliable. Prototypes were constructed by technical staff at the School of 
Biological Sciences, but proved unstable. Additionally they require a bulky 
power supply which makes their use in the field difficult. Muus (1968) 
used balls of Plaster of Paris (calcium sulphate) which is partly soluble, 
while Doty (1971) used Plaster of Paris mounted on a card, which he 
christened a 'clod card'. While generally successful both reported 
difficulties which they attributed to bubbles, or lumps of Plaster of Paris 
breaking away.
The following technique was devised in an attempt to refine this principle: 
a measured amount of a solution of a soluble dye was placed in a tube of 
dialysis membrane and exposed to the flow and wave action at each site. 
The tubing was Visking size 5-24/32”. The flow of such a dye across the 
membrane by passive diffusion will be proportional to the difference in 
concentration between the dye inside and the concentration of dye 
outside. This expression is exponential:
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F = Kiexp(C0 - Ci) Equation 1
Where C1 is the concentration inside the membrane, and C0 is the 
concentration outside the membrane. F is the flow, and K1 a constant.
After a given time the transmission of the solution remaining inside the 
membrane was measured by colorimetry by transmission. The equation 
for transmission is logarithmic and is related to absorbance:
Where F1 is a factor derived experimentally.
The combination of an exponential expression (Eq.2) and a logarithmic 
one (Eq.3) will result in a linear relationship between exposure 
measured this way and percentage transmission. Initial experiments 
used Methylene Blue and freshwater. When applied to sea water 
complications ensued: the dye became bleached, presumably due to the 
action of the chloride ions. A number of other dyes were tested, including 
Neutral Red, Methyl Blue, Janus Green, and Methyl Green. Some of 
these suffered greater or lesser degrees of bleaching; others precipitated 
out in sea water, some would not pass the membrane. Eventually
Equation 2
and
C = F., X Abs Equation 3
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Brilliant Cresyl Blue was found to be satisfactory. The behaviour of the 
dyes is shown in Table 2.
Table 2 The behaviour of some vital dyes with respect to stability and colour 
change on exposure to sea water
COLOUR BLEACHING P'RTATION PASS
CHANGE MEMBRANE
Methylene Blue No Yes Yes No
Methyl Green Yes No No Yes
Janus Green No No No No
Neutral Red Yes Yes No Yes
Brilliant Cresyl Bl Slight No No Yes
A 'naked' membrane resulted in too fast a loss of dye. It was necessary 
to restrict the flow around the membrane. This was achieved by placing 
the membrane inside a plastic specimen 25ml bottle, with four 3mm holes 
drilled at right angles in the bottle. See Figure 28. This technique resulted 
in highly consistent and linear results in laboratory tests.
Both still and turbulent water were used, the latter achieved by a paddle,
Membrane 
filled with dye
Tungsten weights
Figure 28. Modified flow bottle. Left bottle, 
right schematic
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driven by an electric motor, in a large tank. The flow rate past the bottle 
was estimated using polystyrene granules at approximately 1m's The 
slope of the equations describing the curves was both significantly linear 
with a function of time and varied with the degree of turbulence (p<0.01). 
See Figure 29
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Figure 29. Changes in transmission of dye in dialysis membrane inside 
modified bottles with time in still and turbulent water. Filled squares = turbulent 
water, filled triangles = still water. p<.01 for both curves
However a further problem arose: If the osmolarity of the solution differs 
from that of the water outside the membrane this will affect the flow 
across the membrane. Paradoxically this difficulty will not arise in either 
fresh-water or a truly marine environment, where the osmolarity is fairly 
constant over a period of time, and is known, but is a problem over the 
length of the Fleet where the salinity varies. Nevertheless on most 
occasions the salinity does not vary over a period of 24hrs, and using 
water at the site under examination proved satisfactory. A stock solution 
prepared of 1gm of Brilliant Cresyl Blue dissolved in 100ml of filtered seawater.
Rotifera of a marine lagoon. P.42
On site 2ml of this stock was diluted with 40ml of water from the site, and 
8ml of this solution was placed in the membrane inside the tube.
On site the conductivity was measured before and after the experiment 
and was found to be within one or two mS on each occasion.
2.3.6 Sediment loading
During study of the Ferry Bridge site a difference in the amount of 
sediment carried by the sub-tidal algae to that carried by the algae in the 
inter-tidal pools was noted. Sediment loading was assessed by taking 
portions of algae, draining for a few minutes and then shaking vigorously 
for 15 seconds with 100ml of de-ionised water. The sediment was 
separated from the algae by filtering through a stainless steel mesh of 
0.5mm pore size. Sediment and algae were then dried at 40°C, weighed 
and the sediment loading expressed as a percentage of sediment to the 
total of sediment and algae.
Loading % = ——------------—  X 100..............................Equation 4
Sediment + algae
Sediment loading was measured for all three areas at Ferry Bridge: the 
NW inter tidal zone where the pools were mainly occupied by chlorophyte 
algae, the SW inter- tidal zone phaeophyte (Pilayella spp.), and the 
subtidal zone.
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2.3.7 Stability of pool algal clumps
Observation of the sand pools at Ferry Bridge subtidal area posed the 
problem: How stable are the clumps of algae in these pools? Are they 
moved and re-formed with each tide? To answer these questions small 
(10ml bottles) were weighted to give a slight negative buoyancy 
(approximately equal to that of the algae) and placed in sand pools of 
varying depth, some with algal clumps already in them. 24 hrs later the 
bottles were recovered. This applied to both the sand 'hollows' in the sub 
tidal area and the sand pools in the inter tidal zone. 6 out of 8 bottles 
were recovered, all from pools of >10cm depth, those placed at depth 
<10 cm were not recovered.
2.3.8 Substrate granularity analysis
The substrates on which the chlorophyte, phaeophyte and subtidal algae 
were found were analysed for granularity. Substrate samples were taken 
of the top 2cm at each site using a bottle as a corer, and repeating until 
~1 OOgm wet weight of substrate had been extracted.
The substrate samples were washed in fresh tap water and dried, and 
then progressively sieved through meshes of 2.5mm, 1.1mm, 0.6mm, 
.0.3mm, 0.145mm and 0.05mm. Sieving was done manually, with the 
stack of sieves, fitted with a top lid and bottom receiver, being shaken 
vertically through a distance of approximately 20cm twice a second for 5 
minutes, interspersed with three or four lateral shakes. Each fraction 
was then weighed on a two decimal place Ohaus 200 electronic balance, 
and the portion retained by each sieve expressed as a percentage of the 
total.
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2.4 Experimental treatment of samples
A number of different experiments were carried out to investigate species 
response to different temperatures, specificity to different algae, and 
response to different salinities.
2.4.1 Measurement of algal morphology
The shape and size of of the algal substrate may be important in the 
attachment of rotifers.
To quantify this, measurements of the surface area, length and average 
width of filament per unit weight of algae was made for the main species 
of filamentous alga found to harbour significant populations of rotifers 
sampled in the survey, {Chaetomorpha sp., Pilayella spp., Percursaria 
and [Enteromorpha spp). The filaments of all were assumed to approximate 
to cylinders. In the case of Chaetomorpha this is a reasonably accurate 
assumption since filaments of Chaetomorpha end in 'cap' cells of the 
same diameter as the rest of the filament. With Pilayella the filaments 
taper towards the tip. However long strands were used so that the 
proportion of the sample that tapered was small compared with the total 
length. Samples of both Chaetomorpha and Pilayella were carefully 
washed to be free of sediment. In the case of Chaetomorpha the algal 
filaments were large enough for direct measurements to be made, and 
the length and width of a random sample of 12 filaments of 
Chaetomorpha were measured. The small sizes of Pilayella,
Enteromorpha land Percursaria precluded this approach. Instead
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videographs (frames from a video camera mounted on a microscope and 
captured directly to computer) were made of small subsamples mounted 
on a slide, teased out to lie flat, and placed under a coverslip. A number 
of frame-capture videographs were then made, moving the slide at 
random to new positions. The substage condenser was stopped right 
down to ensure that all filaments were at least visible if not in perfect 
focus.
The captured frame dimensions were measured directly using a stage 
micrometer.
Using SCIONMAGE it was possible to draw a free hand line along each 
filament’s long dimension in the videograph, and for the program then to 
measure this length, similarly for the width. The program would store the 
measurements which could then be exported to the spreadsheet Excel. 
Thus surface lengths average widths, and areas per unit weight of alga 
could then be calculated. These measurements were only made for one 
video frame for each species of alga; the lighting conditions for each 
videograph were identical, thus the only factor affecting the density of 
individual pixels was the presence of alga.
SCIONIMAGE provides a function to measure average pixel density and 
includes standard deviation. This established that the different 
videographs of the alga were not significantly different, and thus 
measuring of the length and width of filaments in one videograph was
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adequate to assess the surface area and filament length per unit weight 
for each alga investigated.
w~wwrr~~ " ’ ' ' ' " ’ " ü Z E i
Fie £d * Qptons Process à n * z e  Special Sjacks Windows ü *
| 2301A.BMP
X:343.00 
Y:177.00 
Value: ! 51
Show lengths 
traced
Figure 30. SCIMAGE screen showing measurement of filam ent length. The dotted line 
that can be traced along a filam ent (from top left to bottom right in this case) is visible
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Figure 31. Screen of Scionlmage, showing the histogram and m easurem ent totals  
provided bv the program
Using the average length and width derived from the measured 
subsample, simple geometry enabled an estimate of total surface area 
and total length to be derived for each sample. Samples were then dried 
and weighed.
2.4.2 The effects of two temperature regimes on the population 
dynamics of P.reinhardti
There appeared to be few potential predators on the dominant rotifer in 
the littoral phaeophyte pools at Ferry Bridge and it was suspected that 
temperature was the main factor controlling these populations. The 
effects of temperature on the populations was investigated.
In other experiments some samples were incubated at different 
temperatures to test the population dynamics at 18°C and 8°C. Five 
replicates of algae in 55mm Petri dishes were kept at 18°C and another
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five replicates were kept at 8°C, each with 10 rotifers. Initially trials were 
carried out using GroLux tubes, which have a spectral characteristic 
suited to plant growth, on a 10/14hr light/dark regime, however using 
these tubes both classes of alga became etiolated and discoloured, and 
the cool white type of tube was used instead. This gave an illumination of 
approximately 3000 lux at the petri dish level. While this is lower than that 
experienced in many daylight weather conditions, the algae appeared to 
remain healthy during the experiment. Rotifers in each dish were counted
daily.
2.4.3 Choice experiments
The preference of P.reinhardti to settle on either chlorophyte or 
phaeophyte algae 
was tested. 55mm 
plastic petri dishes 
were part-filled with 
10ml filtered 
seawater. 300mg 
weight of
chlorophyte algae, 
consisting of a 
mixture of
Percursaria sp. and Enteromorpha sp. together with an equal amount of
wet weight phaeophyte alga (Pilayesp) were introduced as two 
separate patches. All potential visible predators - nematodes, copepods,
Chlorophyte
Figure 32. ‘Choice’ experim ent dish, showing  
division between phaeophyte and chlorophyte  
algae
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planarians etc., were removed. Twenty specimens of P.reinhardti were 
then introduced into the gap between the algae (subsequently the algal 
classes spread and grew together, eliminating the gap, but the algae 
remained distinctly separate - Figure 32)
2.4.4 Viability of the mid-Fleet samples
These samples had been collected from the middle of the Fleet off 
MorkhamsLake in November and December 1997.
Subsamples of approximately 300mg of wet alga were placed in 55mm 
petri dishes together with filtered water from the area. 5 were kept at 
18°C, and 5 at 8°C in a 12/12hr light/dark regime. Initially trials used 
GroLux fluorescent tubes, which possess spectral characteristics suited 
to plant growth, but as noted above, the algae appeared to become 
etiolated with this light source, and 12 watt cool white fluorescent tubes 
about 25cm above the samples were substituted. These provided about 
3000 lux at the dish level.
Due to the variable numbers encountered, the mixed nature of the plant 
material (macrophyte - Zostera, and algae), and the limited amount of 
samples it was not possible to take sub-sample from the dishes. Instead 
the algae was moved aside over one third of the dish and the rotifers 
counted.
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2.4.5 Structure of the foot of T. clypeata
The structure of the foot of T.clypeata was examined using an inverted 
microscope.
Special slides were
constructed for this,
consisting of 1.3mm
thick aluminium alloy
x • u . 5cm by 2.5cm, with an
Figure 33. Slide for inverted high power microscopy
18mm hole cut in the middle. A 22mm square coverslip was cemented 
under this. This arrangement presented two advantages: it enabled a 
relatively high aperture objective with its short working distance to be 
used, and it ensured that such an objective was working through an 
optimal glass thickness (-0 .17mm) for spherical correction. For much of 
the time a water immersion X40 objective of 0.75NA was used, but on 
occasion a dry X40 0.95NA dry apochromat was substituted, or 
occasionally a X85 1.25 water immersion apochromat.
2.4.6 Settling behaviour of T.clypeata
It was possible that the difference observed between the populations of 
T.clypeata at Abbotsbury and their virtual absence at Ferry Bridge was 
due to the sensitivity of the rotifer to different ions or organic compounds 
in the water at Ferrybridge and Abbotsbury. Abbotsbury is at the blind 
end of the lagoon, and the adjacent area is intensively farmed. While 
llchester Estates, who are the landlords of most of the adjacent farms,
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are strict about fertiliser used, it is not banned completely and it was
possible that the enriched run off could affect the rotifer populations.
Five replicates were set up: Each consisted of 300mg wet weight of 
Chaetomorpha (which had been rinsed in distilled water), in 10ml of 
filtered water (a) from Abbotsbury, (b) from Ferry Bridge in 55mm petri 
dishes. Five rotifers were placed in each dish and the replicates kept at 
18°C under a light/dark regime of 12/12hrs for 14 days.
Next the tendency of T.clypeata to settle on Chaetomorpha , as opposed 
to the Rhizoclonium dominant in the lower part of the Fleet (Moonfleet), 
at the time was tested.:
Two 6 -celled cell culture dishes were filled with 5ml sea water in each 
cell. 4 filaments of Chaetomorpha were put in each cell of one; 15 
strands of Rhizoclonium in each cell of the other. The greater number of 
Rhizoclonium allowed for the lesser area. The cells were examined at 
48hr intervals and the numbers of rotifers counted, on the cell floor, 
attached to the alga or free-swimming.
2.5 Bacterial levels
As noted many of the species under investigation are bacterivores or 
detritivores capable of eating bacteria. Bacterial levels in the Fleet were 
investigated:
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The use of epi-fluorescence with the fluorochrome Acridine Orange (AO), 
was considered. Kepner and Pratt (1994) comment that no fluorochrome 
is truly specific to bacteria, noting that AO binds to both RNA and DNA. 
They suggest that size and shape are important in making identification. 
Much of the suspended material in the Fleet is organic in nature, and 
would therefore stain with the fluorochrome.
In view of this other means of assessing bacterial levels were 
investigated. Examination of water samples using transmitted light 
through a green (560nm) filter under phase contrast with Olympus 
objectives showed that bacteria showed up clearly but were too dispersed 
for adequate statistics to be done
The use of Whatmans Cyclopore translucent filters with a pore size of 
O.Spm, and filtration of known volumes was tried. Flowever it became 
clear that the variable, but often high, levels of particulate content of the 
water resulted in clogging of the filter using the 100mbar vacuum 
available. A change was made to 0.6pm filters but this only resulted in a 
slight alleviation of the problem. This clogging was not consistent and 
therefore other methods were investigated. Edmonson (1959) suggests 
an old technique of immersing two microscope slides back to back for a 
known time. Fie cited previous authorities as stating that three to ten 
days were necessary to establish adequate colonies, but he himself had 
obtained very satisfactory results after less than 24 hours. Tests on water 
from the Fleet showed that after exposure to bacteria-rich water for 24 
hours the bacteria were too easily washed off, but when the slides were 
coated with a thin film of egg albumen, and then dried, the bacteria
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adhered and resisted rinsing in distilled water. Work has shown that 
reduced numbers settle on Bovine Serum Albumen (BSA) compared with 
casein and other proteins, but trials showed that the egg albumen gave 
consistent results for the planktonic bacteria of the Fleet. Slides were 
coated with a one inch square of albumen brushed on, and then dried for 
at least 24 hours at ~25°C. Slides were incubated for 24hrs in water 
samples from the Fleet, and then examined under phase contrast with 
X40 and X100 objectives using green light(~540 nm). These produced 
good comparative results.
w Attempts were made to make permanent
- ,^  ^ ' :
/ 1 f i  / V  mounts using glycerine jelly or polyvinyl
^ \  / j
1
V
- lactophenol. Initially these seemed
_  . T
# g j<: successful, but 24hrs later the bacteria were
■ unrecognisable, probably due to osmotic
10 mu ; # effects .
Figure 34. Part of video frame showing
bacteria on albumen coated slide. Image ■
enhanced with SCIMAGE software 4 : ft'" I  #
On one occasion particulate '
levels were low enough in the 7, '  uj-
-
Fleet for adequate amounts of /■ ■.'iia-St-'.H
water to be filtered through a ■< * J /  w '  « • « T*? ' ±
Whatmans 0.6pm Cyclopore ^  ^
filter and thus enable a -
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the numbers per unit volume of water, and the numbers settling on the 
slides. However this is subject to some degree of inaccuracy due to the 
large size of the filter pores, which means that some bacteria will pass 
through the pores. Nonetheless it should set a standard for the bacteria 
that were large enough to be retained by the filter. In freshwater it 
would have been possible to dry a measured amount of water on a slide, 
stain and examine it, but the saline nature of the Fleet water precluded this. 
It is difficult to distinguish between small algae and cocciform bacteria so 
only clear, unambiguous bacillifomn bacteria were counted.
2.6 Taxonomy & Identification
Rotifer taxonomy and identification varies from the easy to the very 
difficult. It is based on:
General body morphology
Presence and position of antennae
Pattern of ciliation
Presence of pseudosegment, their number and dispostion
Texture of integument - rugose, smooth etc.
Size and shape of the toes,
Presence (or otherwise) of a lorica.
Shape and patterning of the lorica
Length/width ratio
Size
Presence and length of spines
Presence, number and distribution of eyespots
Structure of the trop hi (mastax)
Nature of habitat - marine, acid water etc.
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Primarily identification is based on body morphology and the structure of 
the trophi. As noted it is essential for the accurate identification of many 
species that the animal is examined live. However many species, e.g. 
Encentrum are fast moving, and attempts to restrain them by use of a 
compressorium will inevitably result in distortion of body shape and 
proportions. Narcotization using MgCI^ Novocain, Menthol and other 
preparations, was tried but is known to be very uncertain in its effects 
(Nogrady et al 1993), and often results in an unnatural contraction of the 
animal. For this reason electronic flash photomicography was used in the 
early part ot the study as described above. Later video frame capture to 
computer was the primary image storage medium. Drawings were made 
using a camera lucida when the animals could be restrained without 
distortion, and for fine details of the trophi.
Identification was carried out by reference to Koste (1978), Pontin (1978), 
Ruttner-Kollisko (1974), De Smet (1996,1997,1999) and Hollowday 
(Pers.com.)
Access to the Fleet.
Much of the Fleet is open to the public. This posed problems, particularly 
at the Ferry Bridge site, where it was considered, after consultation with 
the wardens, likely that logging apparatus would be liable to loss by theft.
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The Morkhams Lake site is on private farm land, but the Abbotsbury 
Swannery have an arrangement with the farmer tenant which allows 
access to authorised personnel.
Moonfleet is freely accessible, but the site at Abbotsbury is at the far end 
of the embayment, where access requires the permission of the Head 
Warden. There were sometimes difficulties here due to the necessity to 
prevent disturbance to breeding birds.
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3 Results
3.1 Inorganic ions
3.1.1 Nitrate & ammonium
In general over the period of the study, both nitrate and ammonia levels 
were low. Ammonium is the chief decomposition product ■ from plant 
and animal proteins, however in the presence of oxygen this is usually 
transformed by nitrifying bacteria intonitrate. Nitrate can occur to a level of 
several milligrams per litre in moderately eutrophic lakes (Ruttner 1974), 
but levels in the Fleet, although much greater than those found in inland 
oligotrophic streams (Carrick et al 1979), were generally well below 1 
mg I"1 and on average were about 0.5 : ‘ mgt
Data for 1993
Nitrate and ammoniumlwere measured at all sites during 1993. The 
following figures and tables show the values found. A summary is 
presented first highlighting the salient points, then the data for all sites are 
given.
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Summary of nitrate and ammonium levels for 1993
Mean Nitrate & Ammonium for 1993
1.00
0.80 -
-*—  Nitrate 
-■— Ammonium0.60 -
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0.20  -
0.00 -I------
Abb'sbry Ferry Br.MoonfleetMk'sm Lake
Location
Figure 36. The gradients for the mean nitrate and ammonium levels down Fleet, for 
Abbotsbury, which is at the blind end, Morkhams Lake, Moonfleet and Ferry Bridge 
at the marine end open to the sea. Values are the mean of eight dates from 20/5/9
The inland water catchment area for the lagoon is relatively small 
(Seaward - pers. comm.), and the adjoining land is owned mostly by 
llchester Estates, who are well aware of their environmental 
responsibilities. Thus strict constraints on the use of fertilisers are 
imposed on the local tenant farmers ensuring that the use of inorganic 
fertilisers is controlled, with little run-off into the Fleet, so it is not 
surprising that levels for both ions were generally low, below 1.5 mg I'1, 
except on one occasion at Ferry Bridge, which seems to have been an 
anomaly, and with a higher reading for ammonium at the blind end at 
Abbotsbury during the Autumn. Abbotsbury is home to Abbotsbury 
Swannery, which has over 600 swans in its care. During Summer these 
roam the length of the Fleet, but in Autumn and Winter when the eelgrass 
dies back they are fed at the Swannery and sometimes at Morkhams 
Lake, and numbers in this area increase. Their excretory products could
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account for this rise in ammonium, since birds excrete uric acid which is
metabolised by bacteria into ammonium.
Ammonium levels 1993
—♦— Abb'sbry 
- o —  Mk'sm Lake 
- Moonfleet 
- x - - - Ferry Br.
Fig 37 All sites ammonium levels for 1993
Table 3. Abbotsbury nitrate and ammonium levels 1993
Date 05-20-93 06-03-93 06-17-93 07-03-93 07-16-93 07-30-93 08-16-93 09-02-93 Mean St.Dev
N 0 3 0.04 0.176 0 0 0 0 0.18 0.2 0.07 0.09
NH4 0.5 0.4 0.0 0.1 0.7 0.6 0 .7 4 .2  0 .90 1.36
Morkhams Lake 1993
+  - ■ Nitrate 
# — Ammonium
0.5 -
08 -09-9319-08-9320-06-93 10-07-93 30-07-9311-05-93 31-05-93
Date SummerSpring
Figure 38. Morkhams Lake nitrate and ammonium levels for 1993
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Table 4. Morkhams Lake nitrate and ammonium levels for 1993
Date 20-05-93 03-06-93 17-06-93 03-07-93 16-07-93 30-07-93 16-08-93 02 -09-93 Mean St.Dev
= =  s  “  «  “
Moonfleet Nitrate & Ammonia for 1993
2.0
+  - - Nitrate 
-U— Ammonium
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E
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08-09-9319-08-9330-07-9310-07-9320-06-9331-05-93
Date SummerSpring
Figure 39. Moonfleet nitrate and ammonium levels 1993
Table 5. Moonfleet nitrate and ammonium levels 1993
Date 20 -05-93 03-06-93
N 0 3 (mg/l) 1.4 0.05
N H4 (mg/l) 0 .4 0.1
17-06-93 03-07-93 16-07-93 30-07-93 16-08-93 02-09-93 Mean St.Dev
1.2 0.4 0.4 0 0 0 0.43 0.57
0 0.3 1 0 0.6 0.7 0.39 0.36
Ferry Bridge 1993
Nitrate
— ■ —  Ammonium •
30-07-9310-07-9320 -06-93-05-93 31 -05-93 19 -08-93
08 -0 9 -9 3
Figure 40. Ferry Bridge nitrate and am m onium  levels 1993
fiskem93
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Table 6. Ferry Bridge nitrate and ammonium levels for 1993
Date 20-05-93 03-06-93 17-06-93 03-07-93 16-07-93 30-07-93 16-08-93 02 -09-93 Mean St.Dev
NOa (mg/l) 1 0 .18 0  0 .35 0 .18 0 .18 0 .18 1.76 0 .48 0 .60
N H ,(m g /l)  0 .3  0 .3  0 .3  0.1 0 .96 0 0 .84 0 .24 0.43 0 .34
These ions were not measured on a regular basis for 1994.
There was no significant correlation between rotifer abundances, species 
richness and N03 levels for 1993, so for 1995 this ion was not assessed.
Abbotsbury & Ferry Bridge ammonium levels for 1995
-♦— Abbotsbury 
-■ — Ferry Bridge
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Figure 41. Abbotsbury & Ferry Bridge ammonium levels for 1995 
Table 7. Abbotsbury and Ferry Bridge ammonium levels for 1995
D ate 10-01-95 27-02-95 25-05-95 26-07-95 31-08-95 05 -09-95 27 -10-95  Mean St Dev
Abbotsbury 0.45 0.6 0 .5 0.6 0.6 1.1 0.5 0 .62 0.22
Ferry Bridge 0 0 0 0.9 0 0 0 0.13 0.34
As in 1993, ammonium levels in the Fleet were generally low compared 
with those that might be expected in an eutrophic freshwater lake of 
equivalent size, but levels were significantly higher at Abbotsbury than 
Ferry Bridge.
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3.1.2 Phosphate and silica
Phosphate(P04) and silica (Si02) were measured during 1995, and 
1997/8 at the two extreme ends of the Fleet: Abbotsbury and Ferry 
Bridge. These two sampling points represent the two extreme biotopes 
present in the Fleet: the near-marine at Ferry Bridge, with a range of tidal 
movements and ebb and flow from the adjacent English Channel, and the 
brackish water one, with reduced water movement, at Abbotsbury.
Summary of silica and phosphate levels for 1995
Silica levels for 1995
*  Abbotsbury 
— ■ —  Ferry Bridge
28 -1 0 -9 508 -09-952 0 -07-953 1 -05-9511-04-952 0 -02-9501 -01-95
Figure 42. Silica levels at Abbotsbury at the blind (brackish) end, and Ferry Bridge 
at the open (marine) end of the Fleet.
Table 8. Silica levels for Abbotsbury and Ferry Bridge for 1995
Date 10-01-95 16-02-95 27-02-95 25-05-95 26-07-95 31-08-95 05-09-95 27-10-95  Mean St
Dev
Abbotsbury 7.5 0.2 2 .5 5 4 .5 3 .5 9 5 4 .65  2 .75
Ferry 5 0.2 0 0 0 0 3 0.1 1.04 1.91
Bridge
Levels of S i02 were significantly higher at Abbotsbury than at Ferry 
Bridge: This is probably due to the long flushing times of the water at 
Abbotsbury. Flushing times were predicted by a mathematical model, 
constructed by Robinson (1981), to be between 10 days after heavy 
rainfall, and up to 40 days after prolonged drought.
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Although the catchment area for the Fleet is comparatively small (see 
above), some silica will be dissolved from the surrounding rocks due to 
the rain, and be deposited in the Fleet.
Table 9. Mann-Whitney tests for significance for the difference between silica 
levels at Abbotsbury and Ferry Bridge
Mann-Whitney U test with Wilcoxon Rank Sum Test: for the 1995 data.
EXACT Corrected for ties 
U w  1-tailed P Z 1-tailed P
g.O 45.0 .0079 -2.5441 .0055
Phosphate levels for 1995
4 .5  -
3 .5 -
o> 2.5
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Figure 43. Phosphate levels at Abbotsbury (AB) at the blind (brackish) end, and 
Ferry Bridge (FB) at the open (marine) end of the Fleet.
Table 10. Phosphate levels at Abbotsbury (AB) and Ferry Bridge(FB) for 1995
D ate  10-01-95 16-02-95 27 -02-95 25 -05-95 26-07-95 31-08-95 05 -09-95 27 -10-95  M ean S t Dev
F B  P O , 0.4 3 0 0 0 0 .2  0 0.1 0 .46 1.04
AB PO 4 0 .5  0 0 0 0 .5  1.1 1.3 0 .2  0 .45  0.51
Levels of phosphate are rather high at Ferry Bridge, and show a rising
trend towards the end of the year. There is no obvious explanation for 
this, since fertiliser is unlikely to be used at this time of year. It is possible
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that increasing rainfall may leach some phosphate out of the soil and into 
the Fleet.
Data for phosphate and silica 1995
Abbotsbury
Phosphate
- - Silica
10/01/95 16/02/95 27/02/95 25/05/95 26/07/95
Date
31/08/95 05/09/95 27/10/95
Figure 44. Abbotsbury phosphate and silica levels 1995
Table 11. Abbotsbury phosphate and silica levels 1995
Date 10-01-95 16-02-95 27-02-95 25-05-95 26-07-95 31-08-95 05-09-95 27 -10-95 M ean St Dev
0 0 0 0.5 1.1 1.3 0.2 0.45 0.51
0.2 2.5 5 4 .5 3.5 9 5 4 .65  2 .75
P04
Si02
0.5
7.5
Ferry Bridge
♦  Phosphate
*  - - Silica
6 -  
5 -  
4 -  
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2 -
28/10/9508/09/9520/07/9531/05/9511/04/9520/02/9501/01/95
Figure 45. Ferry Bridge phosphate and silica levels 1995
flschem95
Table 12. Ferry Bridge phosphate and silica levels 1995 mg I"1
Date 10-01-95 16-02-95 27-02-95 25-05-95 26-07-95 31-08-95 05 -09-95 27-10-95 Mean St Dev
P 0 4 0.4 3.0 0 0 0 0.2 0 0.1 0.46 1.04
S i0 2 5 0.2 0 0 0 0 3 0.1 1.04 1.91
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Phosphate again seems to be higher at Ferry Bridge that might be 
expected with its regular tidal flushing, although the mean is distorted by 
one high reading on 16th February.
Data for silica and phosphate for 1997/8
Silica levels for 1997/8
10 1
Abbotsbury
8 - — ■ —  Ferry Bridge
*, '
Date
Figure 46. Silica levels for 1997/8
Mean St.dev 
4 .65  2.75
1.04 1.91
fiskem97
Differences between the Abbotsbury and Ferry Bridge levels of S i02 for 
1997/8 were again significant:
Table 1 4 .Mann-Whitney tests for significance for the difference between silica 
levels at Abbotsbury and Ferry Bridge.
Table 13. Silica levels for 1997/8
Date 10/10/96 26/07/97 15/08/97 05 /09/97 10/01/98 16/02/98 27 /02/98 15/05/98
Abbotsbury 5 4 .5  3.5 9 7.5 0.2 2.5
Ferry 0 . 1  0  0  3 5 0.2 0 0
Bridge
Mann-Whitney EXACT Corrected for ties 
y  w  1-tailed P Z 1-tailed P
7 .5  43.5 .0050 -2.6019 .0046
The tables and graphs show the difference between the hydrology of the 
two sites; with Ferry Bridge subject to the normal tidal regime of the area,
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and Abbotsbury as a near land-locked embayment with poor flushing of 
accumulated ions.
Phosphate levels for 1997/8
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Figure 47. Phosphate levels for 1997/8
Abbotsbury 
— ■ —  Ferry Bridge
Table 15. Phosphate levels for 1997/8
Date 10/10/96 26 /07/97 15/08/97 05/09/97 10/01/98 16/02/98 27 /02 /98  15 /05/98 Mean St.dev
Abbotsbury 0.2 0.5 1.1 1.3 0.5 0 0 °  ° -45 ° - 51
Ferry Bridge 0.1 0 0.2 0  0 .4  3  0 0 0 .46 1.04
A similar situation obtains to previous years where there is one apparently 
anomalous reading for phosphate at Ferry Bridge. As before there is no 
obvious explanation for this.
Abbotsbury 1997/8
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Figure 48. Abbotsbury P 0 4 and S i0 2 levels fo r 1997/8
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Table 16. Abbotsbury PO4 and SiOz levels for 1997/8
Date 10 /10/96 26 /07 /97  15/08/97 05 /09 /97  10 /01/98 16/02/98 27 /02 /98  15/05/98 Mean St.dev
~  î “ : :: j û : - =
Table 17. Ferry Bridge P04 and Si02 levels for 1997/8
Ferry Bridge 1997/8
D ate 10/10/96 26 /07/97 15/08/97 05/09/97 10/01/98 16/02/98 27 /02 /98  15 /05/98 Mean St.dev
z :: : “
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Figure 49. Ferry Bridge P04 and Si02 levels for 1997/8
fiskem97
3.2 Temperature, conductivity (salinity) and pH
Temperature was taken for both air and water (in the top 5 - 1 0cm at the 
sampling position), conductivity (corrected for temperature) and pH at 
each visit made. However the Fleet is very shallow with a mean depth, 
depending on the state of the tide, between approximately! .75m and 1m. 
The effect of this on the temperature is that there will be considerable 
diurnal variation. All readings were taken as near midday as possible, 
and so temperatures will be close to maxima. During Spring it is probable 
that minimum temperatures overnight, particularly during clear weather 
will be very substantially lower, particularly in the intertidal pools at the 
period of the tidal cycle where these are not covered by the tide. Not only
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are mean temperatures important, but also maxima and minima. May 
(1983) showed that several rotifer species were restricted in their ability 
to breed by a temperature range. A high degree of insolation will result 
in active photosynthesis by the considerable biomass of the algae and the 
macrophytes, Zostera and Ruppia, with which the floor of the lagoon is 
covered during much of the year. C02 is etigbtiy soluble in water and 
combines to form carbonic acid:
H2O + CO2 H2CO3.
The dissociation of this into H+ and HC03" leads to a low pH (Ruttner 
1973). However during photosynthesis the C02 is absorbed by the plant 
biomass in the production of carbohydrates and sugars:
CO2 + 2H2O (CH2O) +O2 + H2O.
Consequently pH rises as the concentration of C02 in the water falls, and 
this leads to the high pH values observed. However during warm nights 
this same biomass will be respiring, but not photosynthesising, and thus 
C02 will be produced which will dissolve in the water of the lagoon to give 
a drop in pH. Thus the pH values, as with the temperatures, should be 
treated as maxima. Conductivity will only show a diurnal effect due to 
tidal movements, and these will be small in relation to the variation of 
temperatures and pH.
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3.2.1 Data for temperatures, pH and conductivity for 1993
Summary of temperatures, pH and conductivity for 1993
Mean values 1993
60 9.8
- - - - - - -  A ir Temp
—x —  Conductivity mS 
- A -  -  pH
■m—  W ater Temp
-- 9.0
- 8.8 =
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V i 8-6
Ï1  8.4  
- 8.2
- -  8.0
7.8
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I 0' Tl) ! l , radi?nts. for temperatures, pH and conductivity down the Fleet, for 
Abbotsbury (AB) which is at the blind end, Morkhams Lake (ML), Moonfleet (MF)
an hf ! r7  «nd9e (FB) at the marine end open to the sea. Values are the mean of eight dates from 20/5/93 to 2/9/93
Temperatures are as expected; the higher values of the water 
temperatures with respect to the air temperatures reflect the shallow 
nature of the habitat, and the limited period of the readings which were 
taken during a hot summer. As readings were taken as near to midday 
as possible, insolation will often raise the temperature of shallow water 
above air temperatures. Conversely the exposed nature of the site 
ensures that wind coming off the Channel is cool. pH varies over the 
body of the Fleet, with averages ranging from 8.55  at Ferry Bridge, to 
9.33 at Abbotsbury; the high values reflecting the photosynthesis of the 
large body of macrophytes in the lagoonal basin, which includes the 
Moonfleet, Morkhams Lake and Abbotsbury. It falls slightly towards the 
open marine end at Ferry Bridge, due to the buffering effect of the English
Rotifera of a marine lagoon P. 70
Channel. Conductivity rises steadily from Abbotsbury, at the blind end, 
where there is some freshwater runoff from surrounding land, to Ferry 
Bridge, where it approaches that for standard seawater ~56mS
Table 18. Air and water temperature, conductivity and pH for Abbotsbury 1993
Date 19/05/93 20/05/93 03/06/93 17/06/93 03/07/93 16/07/93 30 /07 /93  16/08/93 02/09/93 Mean St.Dev
Air Tem p 14.5 12.5 15 16.2 20.7 17.8 19.7 23.8 21.4 17.96 3.71
W ater Tem p 19 15 20.7 22.6 29.2 22 22.5 23.6 20.2 21.64 3.82
PH 9.1 8.5 9.5 8.2 9.8 9.1 9.4 9.1 9.5 9.13 0.51
Conductivity
mS
15 26.9 29.8 9.1 28.2 24 34.4 29.5 33.1 25.56 8.38
Abbotsbury 1993
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Figure 51. Air and water temperature, conductivity and pH for Abbotsbury 1993 
IMS6 19' A'r and water temperature, conductivity and pH for Morekhams Lake
Date
Air Tem p °C  
W ater Tem p ° c  
pH
Conductivity mS
20/05/93 03/06/93 17/06/93 03/07/93 16/07/93 30 /07/93 16/08/93 02/09/93 Mean St.Dev
12.1 16 16 19.3 20 18 22.3 19.9 17.95 3.18
13.1 20.8 23.5 27.7 22.8 23.7 23 22 22.08 4.14
8.9 9.5 9.6 9.9 9.7 10.1 9.3 9.3 9.54 0.38
42.7 39.4 32.4 37.6 23.8 34.6 42.9 43.9 37.16 6.78
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Morkhams Lake 1993
o .o
■ - Air Temp  
•W ater Tem p
— -A — pH
—  X  Conductivity mS
10.0 - -
11-05-93 31-05-93 20 -06-93 10-07-93 30-07-93 19-08-93
Date
08-09-93
1993^ 52 A'r and W3ter temPerature> conductivity and pH for Morekhams Lake
Table 20. Air and water temperature, conductivity and pH for Moonfleet 1993
Date 20/05/93 03/06/93 17/06/93 03/07/93 16/07/93
Air Tem p 12 17.1 17.1 18.3 17
W ater Tem p 12.8 20 23.6 27.2 19.1
pH 9.5 9.3 9.8 10.2 9.5
Conductivity
mS
46.8 43 22 46.4 36.5
30/07/93
18.4
22.1
9.8
43.6
16/08/93
21.2
21.7
9.8
49.2
02/09/93
22.5
19.9
9.1
49.4
Mean
17.95
20.80
9.63
42.11
Moonfleet 1993
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Figure 53. A ir and w ater tem perature, conductiv ity  and pH fo r M oonfleet 1993
St.Dev
3.15
4.13
0.35
9.12
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Table 21. A ir and w ater tem perature, conductiv ity  and pH fo r Ferry Bridge 1993
Date 20 /05 / 03 /06 / 17 /06/ 03 /07/ 16/07/ 30 /07 / 16/08/ 02 /09 / Mean St.Dev
Air Tem p
93 93 93 93 93 93 93 93
12.6 16.1 17.1 18.5 16 17.6 20.4 19.7 17.25 2.45
W ater Temp 13 17 19.6 22 16.5 18.4 20.6 18.3 18.18 2.77
PH 8.7 8.9 8.3 8.4 8.5 8.4 8.7 8.5 8.55 0.20
Conductivity
mS
54 54 52.1 52.9 53.4 55 52.7 52.7 53.35 0.94
Ferry Bridge
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Date
Figure 54. Air and water temperature, conductivity and pH for Ferry Bridge 1993
3.2.2 Data for temperatures, pH and conductivity for 1994 
Summary for temperatures, pH and conductivity for 1994
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Temperatures are rather lower than for 1993, since they are averages 
over more of the year - a longer sampling period stretching from January 
to December, but also reflecting more overcast conditions,. This resulted 
in slightly higher air temperatures than water temperatures, a reversal of 
that found in 1993. pH is fairly constant over the body of the Fleet, but 
again lower than in 1993 reflecting the lower insolation, and hence 
photosynthetic effect, and the greater coverage of the sampling data over 
the year. It falls slightly towards the open marine end at Ferry Bridge, due 
to the buffering effect of the English Channel. Conductivity rises steadily 
from Abbotsbury, at the blind end, where there is some freshwater runoff 
from surrounding land, to Ferry Bridge, where it approaches that for 
standard seawater (56mS at 15°C) as in 1993
Table 22. Temperatures, conductivity and pH for Abbotsbury 1994
Date 16/03/94 14/04/94 04 /05/94 04 /08/94 25 /08 /94  02 /09/94 26 /10/94 21 /12 /94 Mean St.Dev
Air Temperature 8.5 7 13.1 20 18.7 16.9 11.3 6.4 12.74 5.33
W ater temp 11 7.5 15.9 20 18.5 13.8 9 5.2 12.61 5.32
Conductivity 11.4 18.9 12 24.8 33 31.5 31 21.8 23 .05 8.56
pH 8.2 8.6 8.6 8.8 7.8 7.4 7.9 7.3 8.08 0.57
Abbotsbury 1994
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Figure 56. Tem peratures, conductivity and pH fo r A bbotsbury 1994
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Table 23. Temperatures, conductivity and pH for Morkhams Lake 1994
Date 14/01/94 16/03/94 14/04/94 04 /05/94 04 /08/94 25 /08/94 02 /09 /94  26 /10 /94  21 /12 /94  Mean St.Dev
Air Temperature 8.5 8.9 9.4 11.2 18.7 19.6 18.2 18.2 6.3 13.22 5.34
W ater temp 7.6 8.9 7.1 11.7 19 20.1 19.8 19.8 5.9 13.32 6.23
Conductivity 18.4 25 38.1 37 46.2 47.3 45 45 43 38.33 10.19
pH 8.9 8.3 8.4 9 8.4 8.6 8.9 8.9 7.3 8.52 0.53
Morekhams Lake 1994
Figure 57. Air temperature (AT), water temperature(WT) conductivity (Cond) and pH 
for Morkhams Lake 1994
Table 24. Temperatures, conductivity and pH for Moonfleet 1994
Date 14/01/94 16/03/94 14/04/94 04/05/94 04 /08/94 25 /08/94 02/09/94 26/10 /94 21/12/94 Mean St.Dev
Air 8.5 8.9 9.4 11.2 18.7 19.6 18.2 18.2 6.3 13.22 5.34
Temperature 
W ater temp 7.6 8.9 7.1 11.7 19 20.1 19.8 19.8 5.9 13.32 6.23
Conductivity 18.4 25 38.1 37 46.2 47.3 45 45 43 38.33 10.19
pH 8.9 8.3 8.4 9 8.4 8.6 8.9 8.9 7.3 8.52 0.53
Moonfleet 1994
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Figure 58. Tem peratures, conductiv ity  and pH fo r M oonfleet 1994
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Table 25. Tem peratures, conductiv ity  and pH fo r Ferry Bridge 1994
Date 14/01/ 11/02/ 16/03/ 14/04/ 04 /05 / 04 /08 / 25 /08 / 02 /09/ 26 /10 / 21 /12 / Mean St.Dev
Air Temperature
94 94 94 94 94 94 94 94 94 94
10.1 9.1 11.3 8 12.8 18.3 16.6 16.6 12.6 7.7 12.56 3.93
W ater temp 9 9.3 10.2 8.5 13.7 19 17 17 12.9 8 12.84 4.11
Conductivity 47.3 46.9 48.8 50.2 50.1 50.2 49 49 51.2 49.3 49.41 1.22
PH 8.2 8.9 8.5 8.3 8.7 8.5 8.4 8.3 7.8 7.9 8.37 0.35
Ferry Bridge 1994
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Figure 59. Temperatures, conductivity and pH for Ferry Bridge 1994
Ferry Bridge is the most stable of the four sites investigated, in terms of 
pH and conductivity. The twice daily tidal influx of water from the 
English channel serves to buffer these parameters. The floor of the 
lagoon in this area is relatively free from macrophytes and so this part of 
the lagoon does not experience the high pH values of the lagoonal basin. 
Similarly there is less dilution of the seawater by runoff or the presence of 
small streamlets such as is the case at the other end of the lagoon at 
Abbotsbury.
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3.2.3 Data for temperatures, pH and conductivity for 1995 
Summary of data for 1995
1995
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Figure 60. The gradients for temperatures, pH and conductivity down the Fleet, for 
Abbotsbury (AB) which is at the blind end, Morkhams Lake (ML), Moonfleet (MF) 
and Ferry Bridge (FB) at the marine end open to the sea. Values are the mean of 
thirteen dates from 20/2/95 to 27/10/95
Temperatures are rather higher than for 1994, reflecting a prolonged hot 
sunny spell in Summer. This resulted in slightly higher air temperatures 
than water temperatures, a reversal of that found in 1993. pH is fairly 
constant over the body of the Fleet, but again lower than in 1993 
reflecting the lower insolation than in 1993, and hence photosynthetic 
effect, and the greater coverage of the sampling data over the period. It 
falls slightly towards the open marine end at Ferry Bridge, due to the 
buffering effect of the English Channel. Conductivity rises steadily from 
Abbotsbury, at the blind end, where there is some freshwater runoff from 
surrounding land, to Ferry Bridge, where it approaches that for standard 
seawater (56mS at 15°C) as in 1993 and 1994
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Table 26. Tem peratures, conductiv ity  and pH fo r Abbotsbury 1995
Date 20/02 16/03 30/03 12/04 04 /05 18/05 25 /05 21 /06 31 /07 27 /08 31 /08 12/10 Mean St.Dev
/95 /95 /95 /95 /95 /95 /95 /95 /95 /95 /95 /95
Air Tem p 9.1 9.9 12.5 13 13.1 12.1 15.6 22 24.2 24 24 14 18.11 5.28
W ater Tem p 8.6 8.7 7.8 13 15.9 12.9 18.6 25 23 20 20 14 18.16 4.25
Conductivity 13.9 16.7 24.6 18 12 35.8 24 35.4 46 51.3 51.3 43 37.98 13.00
pH 7 7.2 7.8 8 9.3 7.8 8 8.4 7.8 8 8.2 7.4 8.00 0.63
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Figure 61. Temperatures, conductivity and pH for Abbotsbury 1995 
Table 27. Temperatures, conductivity and pH for Morekhams Lake 1995
Date 20/02/95 16/03/95 30/03/95 12/04/95 04/05/95 25/05/95 21/06/95 31/07/95 27/08/95 31/08/95 Mean St.Dev
Air Temp 8.8 10.2 9.4 10.8 15.3 15 23 24 20.5 25 17.02 6.23
Water
Temp
8.6 9.5 8.1 10.7 17 23.7 25.4 28 24.3 22.7 18.82 7.64
Conductivity 28 28.5 34.5 36.9 28.5 46.3 44.5 45 39.5 52.1 39.53 8.17
pH 7.4 7.3 8.4 7.8 9.3 9 9 8.7 8.6 9 8.57 0.65
60.0
Ï .  50.0  
od
CD 40 .0  -
|  30.0
I  20.0 | 10.0 
0.0
Morkhams Lake 1995
♦  Air temperature 
— ■ — W ater temperature 
— A — Cond.mS  
- • -X- - - pH
10/02/ 02 /03 / 22 /03 / 11/04/ 01 /05 / 21 /05 / 10 /06/ 30 /06 / 20 /07 / 09 /08 / 2 9 /08 / 18 /09/ 
95 95 95 95 95 95 95 95 95 95 95 95
Date
Figure 62. Tem peratures, conductivity and pH fo r M orkham s Lake 1995
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Table 28. Tem peratures, conductivity  and pH fo r M oonfleet 1995
Date 20 /02 / 16/03/ 30 /03 / 12/04/ 28 /04 / 04 /05 / 18/05/ 31 /07 / 31 /08 / Mean St Dev
95 95 95 95 95 95 95 95 95
Air Tem p 8.9 11.8 9.3 15.5 12.7 12.7 12.9 25.0 24.5 14.81 5.97
W ater Tem p 8.6 10.4 9.3 20.1 15.6 15.6 14.6 29.0 23.0 16.24 6.78
Conductivity 32.0 37.0 42.9 38.4 43.1 43.1 46 .7 52.0 56.1 43 .48 7.44
pH 7.5 7.5 8.2 8.4 8.6 8.6
COcd 9.4 9.0 8.44 0.64
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Figure 63. Temperatures, conductivity and pH for Moonfleet 1995 
Table 29. Temperatures, conductivity and pH for Ferry Bridge 1995
Date 16/03/ 30 /03 / 12/04/ 28 /04 / 04 /05 / 18/05/ 22 /07 / 31 /08 / 12 /10/ Mean St Dev
95 95 95 95 95 95 95 95 95
Air Tem p 11.1 10.9 12.2 9.8 11.1 12.9 21.0 21.7 16.9 14.18 4.54
W ater Tem p 10.4 11.8 18.1 12.5 12.3 14.7 25.0 23.0 16.7 16.06 5.14
Conductivity 48.4 50.0 49.0 49.7 47.8 49.1 58.0 54.4 53.0 51.04 3.39
pH 7.9 8.1 7.9 8.4 8.4 8.3 8.2 8.4 8.1 8.19 0.20
Ferry Bridge 1995
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igure 64. Tem peratures, conductivity and pH fo r Ferry Bridge 1995
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3.2.4 Data for temperatures, pH and conductivity for 1996
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Figure 65. The gradients for temperatures, pH and conductivity down the length of 
the Fleet, for Abbotsbury (AB), Morkhams Lake (ML), Moonfleet (MF) and Ferry 
Bridge (FB. Values are the mean of a variable number of dates from 19/1/96 to 
23/12/96.
Temperatures are rather lower than for 1995, partly reflecting a sampling 
effort that included late Autumn, Winter and early Spring and partly more 
overcast conditions. This resulted in slightly higher air temperatures than 
water temperatures, a reversal of that found in 1995. pH is fairly constant 
over the body of the Fleet, but again lower than in 1995 reflecting the 
lower insolation, and hence photosynthetic effect, and the greater 
coverage of the sampling data over the period. It falls slightly towards the 
open marine end at Ferry Bridge, due to the buffering effect of the English 
Channel. Conductivity as before rises steadily from Abbotsbury, at the 
blind end, where there is some freshwater runoff from surrounding land, 
to Ferry Bridge, where it approaches that for standard seawater (56mS at 
15°C) as in 1993, 1994 and 1995
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Conductivity (salinity) again showed an almost linear gradient from the 
brackish environment of the blind end of the lagoon at Abbotsbury to the 
fully marine one at Ferry Bridge. Average temperatures for both water 
and air were higher at Abbotsbury, which is a little more sheltered than 
Ferry Bridge which is more exposed.
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Figure 66. Temperatures, conductivity and pH for Abbotsbury 1996. The pH probe 
became unserviceable on 31/10/96
Table 30. Temperatures, conductivity and pH for Abbotsbury 1996
Date 02-05-96 22-05-96 06-07-96 31-10-96
Air temperature 12.3 13.3 15.7 16.1
W ater temperature 12.7 15.3 16.5 17.7
Conductivity 28.7 22.8 41.1 48.9
pH 9.0 8.3 8.5 Unserviceable
Morkhams Lake 1996
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Figure 67. Tem peratures, conductiv ity  and pH fo r M orkham s Lake 1996
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Table  31. Tem peratures, conductiv ity  and pH fo r M orkham s Lake 1996
Date 08/02/96 15/04/96 02/05/96 22/05/96 06/07/96 Mean St.Dev
Air temperature 9.1 11.2 12.3 13.6 16 12.44 2.59
W ater 8.5 12.1 12.7 17.2 19.7 14.04 4.42
temperature
Conductivity 40 34.2 40.5 40.5 43 39.64 3.26
pH 8.1 8.2 9 8.3 8.5 8.42 0.36
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Moonfleet 1996
A ir temperature 
W ater temperature 
Conductivity
Figure 68. Temperatures, conductivity and pH for Moonfleet 1996 
Table 32. Temperatures, conductivity and pH for Moonfleet 1996
Date 15-04-96 02-05-96 06-07-96
Air temperature 11.7 12.3 17.4
W ater temperature 13.0 13.0 19.8
Conductivity 37.6 46.5 52.0
pH 8.2 8.9 8.9
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Figure 69. Tem peratures, conductiv ity  and pH fo r Ferry Bridge 1996
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Table 33. Tem peratures, conductiv ity  and pH fo r Ferry Bridge 1996
Date 19/01/96 08/02/96 15/04/96 02/05/96 22/05/96 06/07/96 31/10/96 23/12 /96 Mean St.Dev
Air 11.4 9.1 10.2 11.4 12.5 16.7 15.2 2 11.56 5.74
temperature
W ater 9.9 8.5 11.3 11.5 13.6 17.3 14.8 2 11.84 5.89
temperature
Conductivity 49.6 49.9 50.5 48.2 49.8 53.4 51.9 51 50.86 1.98
pH 8.2 7.8 8.8 8.6 8 8.1 U/S 8 8.18 0.29
3.2.5 Temperature, pH and conductivity for 1997
□  A ir temperature
□  W ater temperature 
■  Cond.mS
Figure 70. Average temperatures, conductivity and pH for Abbotsbury (AB) and 
Ferry Bridge (FB) for 1997. Since these were only measured at two stations a 
histogram has been used.
Summary of temperature, pH and conductivity for 1997
These parameters were only measured for Ferry Bridge and Abbotsbury 
in this year. A somewhat similar pattern for the two stations sampled in 
depth as in previous years emerged. However, a much colder than 
average winter resulted in the Fleet partly freezing over during January, 
and resulted in a much reduced conductivity/salinity readings during this 
time. This was probably due to ice which had formed during the night 
melting during the day and forming a less saline and therefore less dense 
layer on top of the more saline and therefore more dense lower layers. A
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hot summer followed during which conductivity/salinity rose to
comparatively high levels at both Ferry Bridge and Abbotsbury. 
Table 34. Temperatures, conductivity and pH for Abbotsbury 1997
14/01/97 27/01/97 10/07/97 24/07/97 15/08/97 09/10/97 Mean St.Dev
Air temperature 8.3 8 22.5 18 21 17.6 17.42 5.65
W ater 2.4 7.9 23 22.3 24.8 16 18.80 6.94
temperature
Conductivity 16.3 36.5 39.4 43 36.5 44 39.88 3.53
pH 7.1 7.5 8.3 8 9 7.9 8.14 0.56
60 .0
0.0
Abbotsbury 1997
■Air temp
- W ater temp 
-A— Cond.mS
50.0 -
— - x — • pH
20.0  -
01 /12 /96  20 /01 /97  11 /03/97 30 /04 /97  19 /06/97 08 /08 /97  27 /09 /97  16 /11 /97
Date
Figure 71. Temperatures, conductivity and pH for Abbotsbury 1997
(Due to the reduced sampling effort at Morkhams Lake and Moonfleet 
during 1997, when the main investigation was directed at the Ferry Bridge 
and Abbotsbury sites, no graphs are presented for these two stations)
On 16th April 1997 when the sky was clear, the marked increase in the 
water temperature over the air temperature at both Morkhams Lake and 
Moonfleet is significant
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Table 35. Tem peratures, conductiv ity  and pH fo r M orkham s Lake 1997
Morkhams Lake 1997
Date
Air temperature  
W ater temperature 
Conductivity 
pH
16-04-97 15-08-97
11.0
18.5
41.0
9.2
22.0
27.0
41.2
9.8
Table 36. Temperatures, conductivity and pH for Moonfleet 1997
Date 16-04-97
Air temperature 15.0
W ater temperature 20.5
Conductivity 48.2
pH 10.0
Table 37. Temperatures, conductivity and pH for Ferry Bridge 1996
Date 14/01/97 27/01/97 09/02/97 25/02/97 10/07/97 24/07/97 15/08/97 Mean St.Dev
Air temperature 8.9 8.5 10.6 12.1 19 18.6 23 16.66 5.17
W ater 4.9 8.3 9.7 9.3 22.5 18.6 22.3 16.48 6.56
temperature
Conductivity 53.3 51.2 50.5 50.1 52.6 53.1 50.4 51.34 1.40
pH 7.6 7.8 8 8.1 8.3 7.8 8.3 8.10 0.21
Ferry Bridge 1997
60.0
- -A.
50 .0  - - A -
— ♦—  Air temperature 
m W ater temperature 
- - - A- ■ ■ Cond.mS
4 0 .0  -
30 .0  -
20.0  -
10.0  -
A
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0 1 -12 -96 2 7 -0 9 -9 711-03-97 3 0 -04 -97 19-06-97 0 8 -08 -9720 -01 -97
Figure 72. Temperatures, conductivity and pH for Ferry Bridge 1997
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3.3 Water movement and disturbance
3.3.1 Marked bottles recovery
The algal clumps at the subtidal site at Ferry Bridge were mostly present 
in hollows that were at least 15cm below the general level of the floor of 
the lagoon in this area.
Eight small (25ml) bottles were numbered and weighted, with fisherman’s 
line weights of tungsten alloy, to a degree where they were just negatively 
buoyant. They were then placed adjacent to clumps of algae in the 
hollows in the sub-tidal zone. These hollows were identified by noting the 
number of paces in a known direction from a known landmark (an old 
wartime pillbox on the shore). 24hrs later the area was searched and six 
of the eight bottles were recovered in situ. The algal clumps they were 
next to were also in place. The other two bottles were not found at all. It 
is possible that the missing bottles had been picked up by members of 
the public. However it proved quite difficult to relocate the hollows in 
which the bottles had been deposited, and in retrospect a thin stakes 
inserted next to the hollow would have been better.
3.3.2 Exposure and water movement
The movement and water flow was measurement by the diffusion of dye 
across a membrane. A stock solution of 100mg of Brilliant Cresyl Blue 
was made up with 100ml of filtered seawater. One set of replicates was 
filled with 5ml of stock diluted with 20ml of seawater left in still water for 
24hrs. On site 5ml of stock was diluted with 20ml of filtered water from 
the site and absorbance measured at 520nm with a Walden Precision 
Apparatus colorimeter. This equipment is battery powered and 
measures in absorbance only. Three replicate bottles containing 25ml of
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this solution were placed at the normal sampling point some 10cm below the 
surface. Another set was weighted with tungsten weights and left adjacent to algal 
clumps in the subtidal hollows at the Ferry Bridge site. These were collected 24hrs 
later and the absorbance measured.
Table 1. Absorbances for the bottles left for 24hrs at the four sites.
Abbotsbury Morkhams Lake
Initial Abs Final Abs Change Initial Abs Final Abs Change
0.31 0.11 0.20 0.33 0.03 0 .30
0.31 0 .10 0.21 0 .33 0 .02 0.31
0.31 0.11 0.20 0.33 0.03 0.30
MEAN Ô 3 Ï Ô T Ï Ô2Ô Ô 33 ÔÔ3 0.30
S T.D EV. 0 .00 0.01 0.01 0 .00 0.01 0.01
Moonfleet Ferry Bridge (Subtidal)
Initial Abs Final Abs Change Initial Abs Final Abs Change
Ô 3 Î ÔÔ4 Ô 27  Ô 33 Ô 26  ÔÔ7
0.31 0.11 0.20 0.33 0.33 0 .00
0.31 0.08 0.23 0.33 0.26 0.07
M EAN Ô 3 Ï ÔÔ8 Ô 23  Ô 33  ” Ô 28  ÔÔ5
S T.DEV. 0 .00 0.04 0.04 0.00 0.04 0.04
Table 2. Matrix showing significance (p) for water disturbance and movement comparing 
different sites. NS = No Significant difference.
AB
AB - ML
ML <.01 - MF
MF NS NS - FB
FB <.05 <.01 <.01 -
The difference in loss is significant. Any loss is due to passive diffusion across the 
membrane. This diffusion will be proportional to the differences in concentration of 
the dye inside to that outside the membrane. The higher the speed of water past 
the membrane the greater the difference between the concentration inside and that 
outside the membrane, since this flow will remove any dye molecules faster from 
the water outside the membrane, increasing the concentration gradient, and 
therefore the transfer of dye from the inside to the outside of the membrane will be 
faster.
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The data in Table 39 show that there was significantly more water 
disturbance at all the other sites compared with the Ferry Bridge subtidal 
location. This is in accord with the findings of the granularity analysis and 
the sediment loading data, and supports the conjecture that the Ferry 
Bridge subtidal site represents a very sheltered habitat.
Morekhams Lake also experienced significantly more water disturbance 
than Abbotsbury. This site is fully tidal whereas at Abbotsbury the water 
movement is mostly limited to vertical movement, and wave chop.
Later the experiment was repeated at Ferry Bridge, but with bottles both 
adjacent to the algal clumps as before, but also weighted to float just with 
the tops level with the water surface, but tethered to a post. This allowed 
comparison with the surface movement to be made.
Table 40. Absorbances of dye left in flow bottles in still water and 
on site after 24brs exposure.
Still water Site
3 in algal clumps at FB subtidal 0.33 0.19
0.33 0.29
0.32 0.25
Mean 5.327 0.243
St dev 0.006 0.050
3 tethered, floating just below surface 0.33 0.12
0.33 0.17
0.32 0.15
Mean 0.327 0.147
St dev 0.006 0.025
The differences between the loss of absorbance in surface water and the
loss in the subtidal hollows was significant (p<0.05), indicating that there
was significantly greater water disturbance at the surface level than in the 
subtidal hollows 1
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The results are consistent with other findings in this study, in respect of 
sediment loading, the stability of the subtidal algal clumps, and the 
granularity analysis of the substrate. It would appear that in general the 
subtidal hollows represent a habitat that is stable and relatively 
undisturbed.
3.3.3 Sediment loading
Table 41. Sediment loading data from 12/10/95. Sediment load of three samples 
each from the subtidal and intertidal phaeophyte areas of the Ferry Bridge site. 
The difference between the two areas is highly significant (p<.001)
Sub-tidal
Dish Dish + Dish Dish +
Dry +Algae Net W t Dry +Sedim ent Sediment Sed %
69.58700 69.74682 0.15982 76.31400 76.60757 0.29357 64.75
69.61535 69.77467 0.15932 69.53574 69.86105 0.32531 67.13
72.63087 72 .81846 0.18759 66.02990 66.35862 0.32872 63.67
Intertidal
Dry
72.95186 73.05961 0.10775 73.10100 73.23674 0.13574 55.75
71.32842 71.46119 0.13277 68.94645 69.08770 0.14125 51.55
71.47363 71.59500 0.12137 69.22662 69.36500 0.13838 53 .27
Table 42. Sediment loading data from 9/2/96. Sediment load of three samples each 
from the subtidal, and intertidal phaeophyte areas of the Ferry Bridge site. 
Difference between the two areas is highly significant (p<.001)
Sub-tidal
Dish + 
Algae
Alga 
Net W t
Dish
Dry
Dish + 
Sediment Sedim ent % Sed
68.39809 68.61764 0.21955 70 .17528 70 .53889 0.36361 62.35
67.96533 68.13109 0.16576 74.55770 74.77841 0.22071 57.11
71.49000 71.65231 0.16231 68.91702 69.18535 0.26833 62.31
Intertidal
70 .36074 70 .47467 0.11393 71.26205 71.35246 0.09041 44 .24
68 .50057 68.63347 0.13290 69.22616 69.31168 0.08552 39.15
74.78133 74.92214 0.14081 71.32303 71.45434 0.13131 48 .25
The highly significant differences between the subtidal area and the 
phaeophyte pools is consistent with the visual observation that the
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Pilayella sp., which constituted the major component of the algae in this 
area, is ‘clean’ in appearance, and relatively free from the fine silty 
sediment that characterises the algal clumps in the subtidal area.
Pilayella secretes a substance which enables it to attach to a substrate, 
and it was not possible to ensure that the alga that was used in the 
sediment was completely free of sand grains to which the alga had 
attached. While these may be considered to be sediment, their effect on 
the rotifers would have been limited compared with the fine silt that 
comprised the main sediment of the subtidal area. Conversely, it was 
difficult when collecting the subtidal alga, and also when removing it from 
a dish for analysis, to ensure that all the fine silt that was originally 
associated with the clump was included in the measurements, because 
the slightest movement resulted in some silt being dislodged. Had it been 
possible to avoid both these effects the differences between the two 
areas would have been even more emphatic.
The clean appearance of the alga in the phaeophyte area reflects the 
wave action as the tide covers and uncovers this area, when turbulence 
from the waves will wash any silt that might be present from the alga.
With respect to the subtidal site the situation is different. The amplitude 
of the motion of particles at a depth below a wave is proportion to its 
depth below that wave. For every increase in depth of one ninth of the 
wave length, the amplitude of the oscillation of the particle decreases by 
one half (Ruttner 1974). The wave length of a typical wave observed in 
the Fleet was approximately 1m, and the depth of the subtidal area below 
the surface at an average low Spring Tide was approximately 1m, thus
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the movement of the particle at this depth will be only about 1/10 00 th of
a metre, or a millimetre, a movement which is unlikely to disturb fine silt.
Table 43. Sediment loading data from the phaeophyte and chlorophyte areas for 
23/2/96. Differences between the two areas are not significant (p>0.05)
Chlorophyte area
Dry +AIgae Dry +Sedim ent %sediment
74.77994 74.82527 0.04533 68 .75730 71 .35246 2.59516 98.28
68.94202 69.00491 0.06289 71.27035 71.34548 0.07513 54.43
67.96453 68.03283 0.06830 69.22646 69.31878 0.09232 57.48
Phaeophyte area
71.48900 71.52618 0.03718 74.79431 74.87057 0.07626 67.22
70.36339 70 .40140 0.03801 72.71212 72.80525 0.09313 71.02
71.32434 71.41431 0.08997 67.93968 68.07270 0.13302 59.65
The differences between the sediment loading of the two sites is not 
significant which is in agreement with observation. While not as ‘clean’ as 
the phaeophyte algae, the chlorophytes were not covered with sediment 
in the way that much of the subtidal algae was. This is cleaned in the 
same way that the phaeophyte is, by the wave action as the tide covers 
and uncovers the site. While the chlorophyte area is not covered by 
water to the same extent during the tidal cycle, there is sufficient cover to 
ensure that silt deposit on the algae is minimal. As the tidal water moves 
over the site the wave action washes any silt that might have been left on 
the surface of the algae off, and onto the substrate.
3.3.4 Granularity of the substrates at the Ferry Bridge site.
The granularity of the three different areas (chlorophyte, phaeophyte and 
subtidal) at the Ferry Bridge site were measured by progressive sieving of 
50 - 100g wet weight of substrate collected by taking several random
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cores of the top 1-2cim at each area. The results are shown below in
Table 44:
Table 44. Granularity characteristics of the phaeophyte area
Grain size W t of empty dish W t.o f dish +
Nett wt % total
(9) sed(g) sed.(g) 0 .20
>2.5 6.1992 6.2904
0.0912
>1.1<2.5 6.1778 6.1785
0.0007 0.00
>0 .6 < 1 .1 6 .1593 6.17
0.0107 0.02
>0.3<0.6 6 .1555 43.3374 37.1819
80.72
> 0 .1 4 5 < 3 1 2 ‘ 6 .1568 14.8304 8.6736
18.83
>0.050<0.145 6.1623 6.1744 0.0121
0.03
<0.050 6.2138 6.3092 0.0954
0.21
Total 46 .0656
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Figure 73. Grain size distribution of the phaeophyte area.
9 9 % of the substrate in the phaeophyte area falls into two granularity 
classes: >0.3<0.6mm, and >0.145<.312mm, with the mode of the 
distribution of the particles in the size class >0.3<0.6mm. This is typical 
of a relatively high energy environment or an environment in which there 
is continual energy input, and in this case particles are continually being 
moved to and fro by the wave action as the tide comes in and goes out.
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The phaeophyte area is subjected more to this action than the other two 
sites at the Ferry Bridge end of the lagoon, as is shown by section 3.3.5
on tidal cover.
Table 45. Granularity characteristics of the substrate in the chlorophyte area
Grain size mm Dish Empty wt(g) Full wt(g) Sed wt(g) %
>2.5 6.1742 10.1796 4.0054 3.81
>1.1<2.5 6.1687 10.6562 4.4875 4.26
>0.6<1.1 6.1650 11.8609 5.6959
5.41
>0.3<0.6 6.1868 76.2268 70.0400 66.54
> 0 .1 4 5 < 3 1 2 6.2345 19.4369 13.2024 12.54
>0.050<0.145 6.2324 9.4402 3.2078 3.05
<0.050 6.1670 10.7856 4.6186 4.39
Total 105.2576
Chlorophyte area
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Figure 74. Grain size distribution of the chlorophyte area
The grain size distribution of the chlorophyte area is different to that of the 
phaeophyte area. The largest class is still the >0.3>0.6mm grain size, but 
there are now appreciable proportions of other size particles, both above 
and below the modal class. This shows a lower energy environment than 
the phaeophyte area, which partly reflects its more sheltered position due
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to the presence of the marine shrub Atriplex particuloides. This will 
reduce wind strength around the pools, and also reduce wave amplitude. 
Another factor is the shorter time it is exposed to wave action during the 
tidal cycle.
Table 46. Granularity characteristics of the subtidal area
Grain size mm Empty wt Full wt Sed wt %
>2.5 0.00
0.00
>1.1 <2.5 0.00 0.00
>0.6<1.1 0.00 0.00
>0.3<0.6 62.66 73.90 11.24 21.52
>0.145<.312 55.10 77.97 22.87 43.79
> .0 5 0 0 .1 4 5 49.53 66.11 16.58 31.74
0 .0 5 0 20.90 22.44 1.54 2.95
Total 52.23
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Figure 75. Grain size distribution of the subtidal area
At first sight it might appear that the subtidal site shows a distribution that 
would indicate a higher energy environment than the chlorophyte area, 
since there are fewer classes of grain size occupied. But inspection 
shows that the subtidal granularity is strongly skewed towards the finer
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sizes. The modal grain size is less than 0.145mm, and there are no 
particles larger than 0 .6 mm present. Fine silt can be deposited after 
wave action in windy weather has acted on the shore between the high 
and low tide boundaries and bought silt into suspension, and then calmer 
conditions have allowed the silt to come out of suspension. Although the 
Fleet is much more sheltered than the English Channel side of Chesil 
Beach, on occasion foam crests have been observed on waves in the
Fleet.
It is also a little surprising that the <.050 class is smaller in the subtidal 
area than in the chlorophyte area, but whereas silt will be deposited in the 
chlorophyte area from still water in pools, the silt in the subtidal area will 
come from water that is still part of the body of the Fleet. This is unlikely 
to be quite as still as that in a small pool, so it is likely that the very finest 
silt is held in suspension longer and thus spread more thinly over the 
body of the Fleet.
3.3.5 Tidal cover at the phaeophyte and chlorophyte areas
The importance of water cover at the two intertidal sites at Ferry Bridge 
was considered. Tidal flow was observed at the two sites, from which it 
was established that the phaeophyte area was approximately 28cm lower 
than the chlorophyte area. The depth of water at high tide at the 
chlorophyte area was measured. This enabled the proportion of time 
during a complete tidal cycle at Spring tide to be calculated. This will 
have two effects. Firstly the percentage of time the site is dry may have 
important consequences for the algae present, and consequently for the
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fauna, including the rotifer population. Secondly the fact that one site is 
covered less often than the other will mean that that site is less exposed 
to wave action which may result in poorer sorting of the substrate, apart 
from any other considerations of shelter from wind and wave action.
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Table 47. Tidal cover at the phaeophyte and chlorophyte areas for a tidal cycle 
from new moon to new moon. Ph = phaeophyte area, Ch = chlorophyte area. The 
shading indicates when the area is covered. The chlorophyte area is covered for 
55.1% of the total tidal cycle, the phaeophyte area is covered for 82.1%
Day High Ph Ch
tide
 Ht (m) cover cover Cover
Ï ^ ^ ^ Both covered
2 2.2 ^ ^ g B o t h  covered
3 2.2 Both covered
4 2.2 ^ ^ g B o t h  covered
5 2.1 Both covered
6 19  Both covered
7 1.6 Ph.covered
8 1.6 Ph.covered
9 1.5 Ph.covered
10 1.5 Ph. covered
11 1.5 Ph.covered
12 1.6 Ph.covered
13 1.8 Both covered
14 2.0 ^ ^ g B o t h  covered
15 2.1
16 2.2 ^ ^ g B o t h  covered
17 2.2 Both covered
18 2.1 Both covered
19 2.0 Both covered
20 1.8 Both covered
21 1.6 Ph. covered
22 1.4 Both uncovered
23 1.3 Both uncovered
24 1.2 Both uncovered
25 1.3 Both uncovered
26 1.3 Both uncovered
27 1.5 Ph.covered
28 1.7 ^ ^ ^ Both covered
29 1.9 Both covered
3.5 Morphological characteristics (length, breadth and area of 
filament) of the main algal species
The average length of filament and area per mg dry weight, and width of 
the filaments of the major algal species present in the Fleet were 
estimated, using the methods described in Section 2.4.1. Individual 
results are shown below and then a summary is presented.
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3.5.1 Mean lengths, widths and areas per unit weight of
Chaetomorpha linum (the principal alga at Abbotsbury)
Table 48. Length, width and areas for 9 filaments of Chaetomorpha linum
Filament Length mm Width mm Area m m 2
1 15.14 0.37 17.58
2 20.18 0.37 23.43
3 14.90 0.41 19.34
4 20.40 0.35 22.29
5 20.85 0.37 24.20
6 18.87 0.38 22.55
7 16.91 0.35 18.48
8 19.78 0.40 25.00
9 18.91 0.38 22.60
Total 165.94 195.47
Mean 0.38
St Dev 0.02
SE 0.01
61.08
51.86
Entrowtc.xls
3.5.2 Mean lengths, widths and areas per unit weight of Pilayella sp. 
(the principal alga in the phaeophyte pools at Ferry Bridge)
areas mg'1.
Length p m Width p m
1 428.00 15.50
2 483.69 33.29
3 458.23 29.91
4 420.67 13.03
5 367.55 27.64
6 151.58 22.40
7 401.99 27.08
8 508.32 21.78
9 184.74 26.39
10 533.86 19.70
11 211.43 29.90
12 439.47 39.33
13 316.52 30.91
14 306.71 16.82
15 169.61 20.10
15 136.98 25.74
17 89.10 19.78
18 49.03 19.10
Total 5657.48
Mean 24.36
St Dev 6.84
SE 1.97
Length mg '1 = 3865.90 mm
Area mg "1 = 295.80 m m 2
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3.5.3 Mean lengths, widths and areas per unit weight of 
Enteromorpha sp.(One of the principal algal species found in the 
chlorophyte area)
Table 50. Lengths, widths and areas of 11 filaments of Enteromorpha sp. 
Calculated lengths and areas mg"1.
Filament Length pm Width pm mm
1 1060 60 0.19981
2 810 50 0.12723
3 650 75 0.15315
4 1000 70 0.21991
5 990 70 0.21771
6 920 55 0.15896
7 880 25 0.06912
8 250 50 0.03927
9 1300 45 0.18378
10 750 40 0.09425
11 600 90 0.16965
Totals 9210 630 1.63284
Mean 57.27
St Dev 18.22
SE 5.76
Length mg' 
Area mg
1 _
-1 _
1258.23 mm  
223.07  m m 2
3.5.4 Mean lengths, widths and areas per unit mass of Percursaria 
sp. (One of the principal algal species found in the chlorophyte area)
Table 51. Lengths, widths and areas of 12 filaments of Percursaria sp. Calculated 
lengths and areas mg"1.
Filament Length pm Width p m mm
1 275 30 0.02592
2 275 32 0.02765
3 270 30 0.02545
4 315 30 0.02969
5 210 30 0.01979
6 280 30 0.02639
7 275 32 0.02765
8 210 31 0.02045
9 142 31 0.01383
10 448 30 0.04222
11 435 30 0.04100
12 438 30 0.04128
13 325 30 0.03063
Totals 3898 366 0.34131
Mean 299.85 30.46 0.02861
St Dev 93.26 0.78 0.00862
SE 0.25
Length m g'1 
Area m g'1
3154 .29  mm  
63 5 .24  m m 2
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3.5.5 Mean lengths, widths and areas per unit weight of
Rhizoclonium, another prominent species in the Ferry Bridge area
Table 52. Lengths and widths of filaments of Rhizoclonium sp. in a partial video 
frame
Length |im Width pm
1 95.71 33.24
2 362.71 29.43
3 262.45 29.79
4 283.95  24.23
5 223.70 31.75 Length mg"1 = 3100.06 mm
6 331.16 21 .66 Area mg"1 = 278.68 mm
7 328.68  26.85
8 379.23 30.11
9 159.70 28.61
10 193.27 27.78
11 117.00 24.78
12 29 .50 35.14
Total 2767.06
Mean 28.61
St Dev 3.86
SE 1.12
Table 53. Summary of lengths, average widths and areas mg-1 for 
main algal species found in the phaeophyte and chlorophyte areas 
of the Ferry Bridge site.
Summary
Length Area Mean
mm mg"1 m m 2mg"1 Width
Pilayella 3865.90 295.80 24.36 pm
Percursaria 3154.29 301.86 30.46 pm
Rhizoclonium 3100.06 278.68 28.61 pm
Enteromorpha 1258.23 223.07 57.27 pm
Chaetomorpha 51.86 61.08 380.00 pm
The fine-filamented Pilayella, Rhizoclonium and Percursaria genera 
offered the most area and length per mg. Enteromorpha filaments were 
wider and more variable than the other two most abundant genera in the 
chlorophyte area. Chaetomorpha, at the other end of the lagoon, 
possessed much larger filaments of consistent width, but giving much 
lower area and length per mg. However these figures take no account of j
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the other spatial characteristics of the algae, such as branching, or the 
degree of spreading or compaction of the filaments.
3.6 Statistical validity of the sampling technique
This was tested on five occasions, once in 1995 and twice in 1996 and 
1997 by triplicating the usual sampling procedure and then testing the 
results
Table 54. Probabilities of the null hypothesis that there is no 
difference between parallel samples
Date 1995 1996A 1996B 1997A 1997B
Comparison
sample1/2 0.65 0.51 0.23 0.26 0.26
sample2/3 0.83 0.99 0.24 0.57 0.57
sample1/3 0.96 0.66 0.67 0.08 0.31
In all cases the probabilities exceed the accepted significance 0.05 level 
by a substantial margin, and thus the null hypothesis that there is no 
significant difference between pairs of samples is accepted. The 
sampling technique accuracy is therefore assessed as satisfactory.
Elliot (1977) also describes a technique for assessing whether the sample 
number is sufficient for a given level of precision. 'We uses values of the 
mean and and standard deviation to arrive at the number of samples 
required:
s2
n ~ D i ^ i  ....................................................................... Equation 5
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Where n is the number of samples required, s2 is the variance, D is the 
precision required, and x is the mean.
Using a level of 0.05 this was usually met. However where numbers were 
very low and only two or three animals encountered in the six celled 
dishes, this criterion was not always met, but the low numbers simply 
confirmed that population densities were low, and this did not affect the 
arguments concerning the distribution.
3.7 Identification and taxonomy of the rotifers.
The main keys used in this thesis for the identification of rotifers were 
Marring & Myers (1928), Koste (1978), Ruttner-Kollisko (1974), De Smet 
(1996,1997,1999), and Tzschaschel, (1980). Personal communications 
were also received from De Smet and Hollowday. Koste’s ‘Rotatoria’ an 
extensive revision of Voigt’s (1957) pioneering work represents the most 
comprehensive treatise to date, but more recently monographs on each 
family have begun to appear, such as those of De Smet on the Proalidae 
(1996) and Dicranophoridae^QSl), Nogrady & Pourriot on the 
Notommatidae (1995). Tzschaschel’s (1979) comprehensive 
investigation of the interstitial rotifers of the North Sea Island of Sylt also 
provides much useful taxonomic information and a discussion, particularly 
with respect to the genera Colurella and Encentrum. Ruttner-Kollisko s 
work is largely, but not exclusively, confined to planktonic species, but 
she also includes some genera that are found in the littoral, e.g. Notholca. 
Marring & Myers The Rotifer Fauna of Wisconsin’ was originally 
published as a series of papers by the Wisconsin Academy of Sciences,
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Arts and Letters, but was later bound into one volume, but retaining the 
original pagination. Since the vast majority of rotifers are cosmopolitan it 
constitutes a valuable resource in rotifer taxonomy. Thane-Fenchel 
(1968) describes 34  species of marine and brackish water species she 
found in the Baltic and in Niva Bay off the coast of Denmark, compared 
with the 23 found in this study.
Samples were examined under a Zeiss stereo microscope with a X20 to 
X40 zoom magnification, and animals pipetted out onto a compressorium 
for further examination under a high power binocular microscope using 
X10 to X85 objectives. Identification was made on the basis of general 
morphology which included dimensions, length/width ratios etc. and 
pseudosegmentation, also the presence or absence of antennae, the 
presence or absence of eyespots, the arrangement of the pedal cement 
glands, gastric glands, and retrocerebral organ, structure of the foot and 
number, shape, length and style of the toes, presence or absence of a 
lorica and its shape. A lorica is a thickening of the integument, resulting 
in it becoming relatively inflexible and acting as a shell, although there are 
many intermediate stages.
However on many occasions the rotifers were very sparsely distributed 
amongst the algae. This necessitated the use of the low-power stereo 
microscope, with its wide field of view, for counting and the resulting 
identifications of the more difficult species was therefore less secure.
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After general body morphology the most distinctive diagnostic feature for 
the Rotifera is generally acknowledged to be the structure of the trophi 
(jaws). These reflect the life-style of the animal, and in particular its 
feeding habits. These cover the complete spectrum, from obligatory 
sessile filter feeders which are permanently fixed to a substrate, such as 
the Floscularidae, to active planktonic raptorial carnivores such as 
Asplancha. The trophi reflect this diversity. The malleate and 
malleoramate trophi of the Floscularidae are analogues of the well- 
developed molars of mammalian grazing herbivores, adapted for crushing 
and grinding, while the incudate type ol Asplanchna and the forcipate 
type of the Dlcranophoridae are adapted for seizing and ingesting prey. 
The trophi are examined by dissolving them out of the body and 
musculature of the mastax with sodium hypochlorite or sodium hydroxide, 
although care has to taken since the more fragile parts will still be 
dissolved by these materials.
In the key to the genera presented by Nogrady et al (1993) after the 
number of ovaries - two for the Digononta, one for the Monogononta - the 
first feature in the diagnosis is the trophus.
Genera and species from the following families were found in the Fleet:
* Brachionidae -
Notholca salina Focke 
Notholca bipalium O.F.M.
» Colurellidae -
Colurella dicentra Gosse 
Colurella unicauda Thane Fenchel
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Colurella hindenburgl Steinecke
• Dlcranophoridae -
Aspelta clydona Marring & Myers 
Aspelta reibischi Remane 
Aspelta harringi Remane 
Dicranophorus coezi De Beauchamp (?) 
Encentrum marinum Dujardin 
Encentrum algente Harring 
Encentrum listensoides De Smet 
Paradicranophorus hudsoni. Glascott 
Erignatha sagitta Harring & Myers
• Lindiidae -
Lindia tecusa Harring & Myers
• Notomatidae -
Cephalodella gracilis Ehrenberg
» Proalidae -
Proales reinhardti Ehrenberg 
Proales halophila Remane 
Proales fleetensis Saunders-Davies
• Synchaetidae -
Synchaeta tremula O.F.M.
Synchaeta vorax Rousselet.
• Testudinellidae -
Testudinella clypeata O.F.M.
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Briachionidae
Notholca was well 
represented, especially 
numerically. The genus is 
semi-planktonic, and shows this 
by the lack of a foot and toe, 
and the associated pedal 
glands which enable many 
littoral rotifers to attach 
themselves to a substrate, such 
as a macrophyte, in order to 
filter feed more efficiently and 
with less energy expenditure.
Notholca spp comprised a major part of the littoral rotifer fauna, 
particularly at Abbotsbury. Identification in this genus is not as 
straightforward as might be imagined, given that the animals are 
comparatively large and shape of the lorica is fixed. Koste (1978) defines 
two groups of key points for the identification: variable markers, which 
include the curvature and form of the posterior, the length/width ratio of 
the lorica, and the lines and other markings of the lorica. Constant 
markers, on the other hand, include the spines on the anterior end of the 
lorica, and the spines on the sides of the lorica. He notes that ‘Because 
of the use of variable features for the taxonomy of this genus and also 
mix-ups (‘Verwechslung’) about the names by older authors, the
Lateral
spines
50um
Figure 76. Notholca bipalium. Dorsal view. 
The lateral spines are folded against the 
body
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systematic is rather confused.’ He uses the terms ‘Formenkreis (literally 
‘form circle’) and ‘Artegruppe’ (species group) in his key. Nogrady & 
Wallace (1995) used cluster analysis and ordination by principal co­
ordinate analysis, based on 67 phenetic characteristics, but were forced 
to report that it failed ‘to inject new hypotheses to remedy the confusing 
and overlapping taxonomy of the genus.’
There were two species found in the Fleet: separable on two counts: size 
and lengtfrwidth ratio. The larger of the two was identified as Notholca 
bipalium O.F.M. Koste states that a determining factor is that it is found 
only in brackish or saline waters, secondly with lateral spines, and thirdly 
that the length:breadth ratio is greater than two. He comments that it is 
easy to confuse with N.striata, but differs in its greater size, quoting length 
of 173 - 246pm, vs. 93 - 143pm for N.striata. The lateral spines are 
similarly longer at 30 - 80pm vs. 5 -15pm for N. striata. Although these 
were normally folded against the body, they would extend under gentle 
compression of the animal. A typical Fleet animal measured 220pm long 
and had lateral spines 40pm long. Koste describes its ecology as coastal 
waters and rock pools and salinities in which it occurs as 0 - 35%o. 
Although this range encompasses seawater it was only found at 
Abbotsbury, in lower salinities.
Rotifera of a marine lagoon P. 107
The Fleet animals clearly met all
these criteria, and its larger size
50um
more slender lorica meant that it
was relatively easy to identify
under the low-power stereo
microscope. The smaller of the
two species was identified as
Notholca salina Focke. Both
Koste (1978) and Ruttner-
Kollisko (1974) comment that
this species is very similar to Figure 77. Notholca salina. Dorsal view
N.squamula and is mainly distinguished by its presence in salt water. 
Bearing in mind Koste’s comments about the variability in the shape of 
the lorica, there would appear to be no significant difference in the figures 
shown in Ruttner-Kollisko between N.squamula and N.salina, and Koste 
notes that all species are euryhaline, and many species are given a 
salinity range from 0 - 35%o, it would seem that this distinction should be 
treated with caution.
Colurellidae
The most problematic genus was Colurella. During the Summer and 
Autumn months this was ubiquitous throughout the Fleet, and but only 
rarely occurred at other times. Tzschaschel comments that the body 
form, lorica, and toes are very variable and suggest that the trophi should 
be examined to determine the species. These, are however, very small
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and rather complex. Koste (1978) also suggests that the effects of the 
habitat on morphology need to be investigated. In view of his many fine 
drawings and descriptions of the trophi of other genera, it is perhaps a 
little surprising that he did not suggest their analysis in what he admits is 
a very morphologically variable genus.
However while it is possible to arrive at an identification using 
morphometric methods and examination of the trophi under a high power 
microscope, it is not practical to identify every animal by these means 
when doing quantitative work under a low-power stereo microscope. 
Tzschaschel also touches on the difficulty of identifying species under a 
low power binocular (stereo) microscope
The most obvious division amongst 
the Colurella was size. There were 
clearly two groups present: one large 
and one small. Measurements 
showed that the smaller animals 
were consistently under 90|am in 
overall length. Examination of the 
trophi and reference to Tzschaschel 
(1980) established this as Colurella dicentra Gosse.
Figure 78. Head of C.dicentra
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The larger was in the range 
110 -140|im. Its single toe 
and its large size, as Eriksen 
(1968) observes, the largest 
of all known Colurella 
species, identified it as 
Colurella unicauda Eriksen.
Manubrium
Figure 79. Trophi of C.dicentra .On the left 
the trophi are being dissolved out o f the  
body but the right m anubrium  is clearly  
visible, and sim ilar to the right m anubrium  
(seen from the left side) depicted by 
Tzschaschel (above)
Koste (1977) notes that in many cases the two toes of Colurella stick 
together, giving a false impression that there is only one, but here it was 
possible to establish unambiguously that there was only one. Eriksen 
found it in a tidal pool, in Flatvossen, Norway, a habitat which is entirely 
consistent with that of the Fleet. She found it in salinities ranging from
16.5 to 3 3 .7 %o (which are approximately equivalent to conductivities of
26.4 mS and 54mS) but notes that it was rare below 25%o (~40mS) thus 
establishing it as a true marine or brackish species. Abbotsbury 
conductivities ranges from 12mS to near standard seawater levels at 
54mS, but with a estimated median of 25mS. It was found less frequently 
at Abbotsbury - the less saline part of the Fleet - than in other sampling 
points nearer the Channel inlet. Eriksen did not record inorganic ions, but 
since she worked in Norway, a largely granitic area, it is reasonable to 
assume that her pools were low in this respect, as was the Abbotsbury 
site, which again supports the presence of C.unicauda. Since the 
identification of C.unicauda was comparatively straightforward no
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videographs were made of this species, but the trophi were dissolved out 
and a sketch made:
As far as is known this is the first 
record of the trophi of 
C.unicauda. However the 
taxonomy of the genus is not 
clearly demarcated and some 
doubt must remain over some 
identifications when counting
under the low-power microscope. Figure 80. Trophi of C.unicauda in ventral view.
The scale bar was added electronically after 
Koste uses the term scanning the original drawing.
‘formenkreis’ in much of his section on the Colurella (and elsewhere), 
which he defines as ‘a collective category, comprising species, sub­
species and infra-subspecies forms’, as well as the word ‘Artegruppe’ - 
comprising species, subspecies and forms. Not only in the Colurella but 
in other genera some question must remain as to how many species are 
‘good’ species and how many are examples of polymorphism in response 
to physical and chemical factors in the habitat. Ruttner-Kollisko (1974), 
discussing the plankton rotifers, uses the term ‘polytypicaP (by which it is 
presumed she means many ‘type’ forms exist), pointing out that in the 
species Keratella cochlearis factors such as salinity, turbulence, 
temperature and eutrophy can result in no less than 13 different ‘forma’!
20um
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A single different specimen of Colurella 
was found at Ferry Bridge. On the 
basis of the small size (70pm length), 
length of the toes, length to breadth 
ratio, and shape of the lorica this was 
identified as Colurella hindenburgl 
Steinecke o*. c"
Figure 81. C. steinecke
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Dicranophoridae
Many of the Dlcranophoridae in the Fleet were relatively straightforward. 
Others were much more problematic. As with other groups the structure 
of the trophi is very important.
Since features of these are 
referred to here, the composite 
diagram of typical Dicranophorid 
trophi from De Smet (1997) is 
reproduced here. 
Representatives of the genera 
Aspelta, Dicranophorus, 
Encentrum, Erignatha and 
Paradicranophorus were 
present.
uncu 
subuncus 
median rami opening, 
outline of rami 
intramalleus 
latero-basal expansion
head
triangular expansion 
basal chamber (scapus) 
subbasal chamber (bulla)
cauda
apical ramus tooth 
preuncinal tooth | c-arcla* apophyse 
tooth uncinal apophyse 
rib
basal expansion 
teeth on inner margin 
-supramanubrium 
intramalleus
chamber
lamella
fulcrum 
crutch x manubnunr
Figure 82. A com posite diagram showing the 
possible details in Dicranophorid trophi. From De 
Smet 1997
The three Aspelta: A.clydona, A.reibischi, A.harringi all possess distinctive
ramus
10 cm
Anterior end of Aspelta--------------->
Trophi of E.marinum (prey) TropW of Aspelta (predator)
10u m
~ ' X
--j "
Figure 84. On the right is part of the com pressed body 
of an A. harringi. Its trophi are on the right, in the gut 
on the left are the trophi of a captured and ingested  
E.marinum.
Figure 83. Trophi of A. clydona
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trophi. They are asymmetric; clydona more so than harringi: and 
reibischi.
Aspelta is know to prey on Encentrum and other rotifers (Thane-Fenchel 
1968) - at least the trophi of Encentrum have been found in the gut of 
Aspelta as shown in figure 84, above. It is possible that these have been 
scavenged, but in view of the intact nature of the trophi it seems more 
probable that active predation is taking place. While rotifer trophi are 
more durable than the rest of the animal, they are still relatively fragile, 
and are not found in sediment for example, let alone in any microfossils.
Of the Dicranophoridae that were found throughout the length of the 
Fleet, by far the most numerous was Encentrum marinum. However this 
species is very variable. Thane-Fenchel (1968) remarks that the genus is 
very difficult from a taxonomic view. It is one of a group whose trophi are 
rather similar. Tzschaschel (1979) acknowledges that the value of using 
the trophi to determine species is incontestable, but claims that its utility 
for the clarification of phylogenetic relationships within the genus 
Encentrum is overvalued; and that body, foot and toe morphology offer 
good possibilities in separating one species from another. He criticises 
Sudzuki’s (1964) proposal of a system key established on trophi form 
only, pointing out that some of the criteria involved are true for most 
species, and Sudzuki’s system neglects important structures: body 
surface, body outline, foot and toe form. However, in the same paper 
(Tzschaschel 1979) he demotes the genus Paracentrum with its 8
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species back into the Encentrum on the grounds that the trophi of the 8 
species show no special trophi form. In the later work of De Smet(1997) 
no mention is made of this, and Paracentrum is maintained as a valid 
genus.
Three Encentrum , one Dicranophorus, one Erignatha, and one 
Paradicranophorus were 
found in the Fleet:
The single Dicranophorus was 
Dicranophorus coezi 
De Beauchamp. This was 
identified on the strength of a 
single specimen found at 
Ferry Bridge. However the 
length of the animal given in De Smet (1997 after De Beauchamp) is 
200pm, whereas this specimen measured 300pm. Further, De Smet 
notes that the species is Species inquirenda . De Smet (pers.com.) has 
suggested that this may be sp.nov., but that more specimens will be 
needed to prove this. However the trophi are remarkably similar to De 
Beauchamp’s drawing, and it would seem that this is the animal he 
described.
Encentrum marinum Dujardin was by far the most numerous and was 
endemic and ubiquitous throughout the Fleet. Eriksen (1978) comments 
that ‘it varies much in size’. De Smet gives a range of 112 to 200pm, and 
the Fleet animals certainly showed a range of lengths, from 100pm to
Figure 85. Trophi of Dicranophorus 
coezi (?)
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180|im which made identification under the stereo microscope 
problematic on occasion. Thane-Fenchel mentions that the animal is 
[relatively] easy to recognise at low magnifications through its habit of 
spreading its toes and raising the hind part of the body.
In figure 86 this behavioural 
pattern can be clearly see.
4 >
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Figure 86. E.marinum dorsal view
The trophi are also prominent. The small
:
Figure 87. Trophi of E.marinum, 
dorsal view
size of the Fleet animals is also apparent. 
The second figure (87) of E.marinum shows 
the trophi. Although the basal end of the 
fulcrum and the distal ends of the manubria 
are out of focus it shows the main points.
As De Smet notes, some of the features are at the limit of light 
microscopy, but the fenestrations (or pseudo-fenestrations since they are 
depressions rather than openings) in the rami are distinctive. Despite the 
appearance of the trophi the animal is generally thought to be mainly 
herbivorous, taking diatoms and dinoflagellates (Thane-Fenchel 1968).
Another fairly common Encentrum in the Fleet was Encentrum algente 
Flarring. It was found in most locations throughout the lagoon, largely in
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Spring and Summer. The trophi are typical Encentrum, and at first sight 
resemble E.marinum, but are distinguished their much larger size and by
«
Figure 88. The trophi of E.algente. ‘It’ 
marks the inner teeth on the rami
Figure 89. E. algente in lateral view
two small teeth on the inner side of the rami. E.limicola possesses similar
teeth, but in that case they are positioned 
further towards the tip of the rami.
The third Encentrum found in the Fleet was 
Encentrum listensoides De Smet. Although 
this species is closely related to Encentrum
tectipes Remane, and Encentrum 
putorius Wulf, the conical form of the 
toes vs. the parallel sided toes of 
E.tectipes, and the more compact shape 
to the rami when closed, establishes this 
as the De Smet species. As far as is 
known this is the first record since De
Figure 90. Trophi of 
E.listensoides, dorsal view
200u
Figure 91. E.listensoides lateral 
view
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Smet’s in 1995, and is certainly a first British record. The animal was 
covered with detritus apparently embedded in a mucus coat, giving a 
rugose and wrinkled appearance to the integument, a not uncommon 
phenomenon in marine Dicranophorids vide Paradicranophorus hudsoni, 
which is described later in this section. However De Smet comments 
(pers.com) that the cuticle of his animal was less sticky than the Fleet 
animal and only sparsely covered in fine detritus. As noted, parts of the 
Fleet carry a heavy load of fine silt on occasion, and the De Smet animal 
was found in a tidal pool off Zierikzee, the Netherlands, which was 
probably less silt-laden than the sheltered sub-tidal waters of the Fleet. 
The algae of the intertidal pools in the lagoon also carry a lighter 
sediment load than the subtidal areas as has been noted. The extremely 
sturdy rami and compact circular form of the closed rami and unci are 
notable and unusual in the Dicranophoridae.
Figure 92. P.hudsoni. Left habitus, 
dorsal view, above trophi
The only Paradicranophorus -a small genus anyway - found in the Fleet 
was Paradicranophorus hudsoni Glascott. As with E.listensoides it was 
covered in detritus and this combined with its pyriform shape and sluggish
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behaviour gave the impression that it was a bdelloid - the leech-like or 
creeping class of rotifers. However closer inspection revealed the 
Dicranophorid trophi. De Smet (1997) includes the sentence "... cuticle 
sticky, trunk region covered with detritus.’ which matches the specimens 
found in the Fleet. Similarly, as the sketch shows, the trophi are very 
distinctive, with long fenestrated rami, and a short fulcrum.
Erignatha sagitta Marring & Myers was the fifth Dicranophorid to be 
discovered in the Fleet. Two animals were found; both at the marine end 
of the lagoon. The trophi bear some resemblance to Paracentrum 
plicatum.
50um
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10 urn
M
Figure 93. Erignatha 
sagitta. Left whole  
animal in lateral view. 
Inset - toes in dorsal 
view. Centre and right - 
trophi in dorsal view
However P.plicatum is only recorded as a freshwater species, while 
E.sagitta was originally found by Marring & Myers in a brackish pool. The 
body form is also different, with E.sagitta being described (De Smet 1997) 
as fusiform, contrasting with the elongate form with seven transverse 
folds, and long toes of P.plicatum. In the photographs of the trophi in Fig. 
93 the long finely pointed unci are clearly visible. Initially they appear
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similar to the inner teeth on the rami of P.plicatum, but differ in not being 
fixed to the rami, and moving freely from their attachment at the top of the 
manubria. Since there are no intramanubria this means that the unci 
appear much further back in the mastax than is usual in most other 
genera.
Lindiidae
The sole 
representative of 
this family was 
Lindia tecusa 
Marring & Myers.
This large rotifer 
was found on 
several occasions 
at the Ferry Bridge 
site. The length at 
about 550jam is 
somewhat shorter 
than Marring & Myers original 
description, which gives a 
range of 1000pm to 1500pm, 
however they described their 
animals on the basis of a 
single population, and Koste
Figure 94. Lindia tecusa dorsal view
X10S 100um
Figure 95. Lindia tecusa. Lateral view
Epipharynx
Figure 96. Trophi of L. tecusa, dorsal view
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writing at a later date (1978), and able to draw on other workers’ results 
and observations, gives a range of 350 - 1500pm. Marring & Myers 
comment that the epipharynx is only imperfectly sclerified and dissolves 
rather rapidly in a solution of hypochlorite of only moderate strength, an 
observation that was confirmed with the Fleet species, however on one 
occasion a good sight of this structure was obtained and photographed. 
This closely resembles the structure shown in Thane-Fenchel (1968)
Notomatidae
In the Notomatidae the sole 
Cephalodella (a prolific genus) was 
Cephalodella gracilis Ehrenberg. A 
single animal was found at 
Abbotsbury, and it might be thought to 
be an erratic specimen washed into 
the Fleet by runoff from the 
surrounding land, but it was alive and 
swimming normally in a saline environment. If it had been a true 
freshwater animal it would not have survived the osmotic shock of being 
transported into saline water.
The ‘keeled’ appearance of the fulcrum would suggest that this is ‘van’ 
sigmoides Wulfert, as shown in Nogrady and Pourriot (1995). The 
authors comment that it is an extremely variable species, and that 
Donner(1950) described a number of deviant ecotypes. Nogrady & 
Pourriot (1995) describe the ecology as ‘cosmopolitan, common, also in
it.manuonum
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Figure 97. Trophi of C.gracilis 
var. sigmoides, showing 
‘keeled’ fulcrum and left and 
right manubria
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saline waters’. This makes its presence in the Fleet as a viable species 
quite plausible.
Proalidae
The Proalidae were one of the most prominent families in the Fleet, being 
well-represented by the genus Proales. Proales reinhardti (Ehrenberg, 
1834), one of the dominant 
species in the Fleet, is 
relatively easy to identify.
It was described and 
depicted by Hollowday "
(1949). It is relatively large
Figure 98. P.reinhardti, lateral view. The animal has
for a Proales' De Smet been lightly compressed to show the pinnate
diatoms in the gut
quotes a length range 200 - 380pm. The animals in the Fleet were about 
230pm - 300pm, and quite distinctive. The relatively slender toes 
distinguish it from P.theodora. As the attribution shows, it is an old 
species and is widespread and cosmopolitan. It is a true marine species, 
and De Smet (1996) remarks that all records of P.reinhardti from 
freshwater are doubtful. Fie also describes the food as ‘dinoflagellates, 
diatoms and bacteria’ During experiments to determine the species’ 
viability at different temperatures it was noted that the gut was often 
stuffed with long pennate diatoms. Flollowday (1949) similarly depicts it 
and describes it as diatomivorous. However during experiments to test its 
preference for one class of algae over another it was observed that the 
phaeophyte algae it preferred to occupy were almost free of diatoms,
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while the chlorophyte alga it avoided had a number of epiphytic diatoms 
attached to them. An attempt to quantify the difference in diatom 
populations of the two classes of algae was abandoned when it became 
clear that the ratio of diatoms in the chlorophyte algae to those in the 
phaeophyte alga would exceed 100:1. It was seen that the guts of 
P.reinhardti browsing on the phaeophyte alga were full of an amorphous 
matter which may have included bacteria or small epiphytic algae, but did 
not include diatoms, which are normally easily seen in the stomach of the 
rotifer. Other factors than food preference must determine its choice of 
the phaeophyte alga.
In Spring 1994 a new species was discovered in samples from the Ferry 
Bridge site:
Proales fleetensis nov.spec.
7ix>0u$^fProsiesrkBt0nsfs
Left uncus
Right uncus
Dorsal view complete
Figure 99. Proales fleetensis. On the 
left the whole animal in dorsal view. On 
the right the trophi
Holotype: One adult female collected 18.3.94 by A.Saunders-Davies
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Lodged with the Natural History Museum, South Kensington, London 
Paratype: One adult female
Lodged with the Natural History Museum, South Kensington, London 
Dimensions: Overall length 90 - 105p. Width 50p. Toes 27p 
Manubria 15.5p, fulcrum 4.5p, unci 8 p
Description: The body is ovate with the maximum width in the middle. It 
possesses a thin flexible lorica and is normally slightly arched in lateral 
view. There are two prominent eyespots on the dorsal side of the head. 
The head is short and broad. The foot is three segmented. There are 
prominent pedal glands with long ducts to the toes. The toes are very 
long, slender and finely pointed, accounting for nearly 30% of the total 
length. The trophi follow the normal Proales pattern, with the unci 
possessing four teeth. These appear serrated at their tips. No lateral 
antennae were observed.
Proales fleetensis sp.nov. appears to be most closely related to 
P. syltensis Tzschaschel, and P.germanica Tzschaschel, both of which 
were found in similar marine and brackish water environments. The 
following are the main points of difference:
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Length
P. fleetensis 
90 - 105|j
Length of toes (as 27(j (27%) 
% total )
P. syltensis 
150|j
37m (27%)
Eyespots
Uncial teeth
Length of 
manubria
2 prominent dorsal None 
4 5
P.germanica
140p
30m (21%)
None
4
15.5m with sharply 13p with blunter ends 9p with blunt 
curved ends ends
■ i
■
Figure 100. Proales fleetensis. Left the 
whole animal. Top, trophi showing the 
four-toothed uncus which distinguishes 
this species from P.syltensis, together 
with the two eyes visible in the left figure.
Additionally the structure of the rami is 
| |  different to either P.germanica or 
P.syltensis without the alulae of the latter, but with stout basal apophyses. 
Two more distantly related species, both marine, are P.halophila 
Remane, and P.oculata Tzschaschel, but the proportionate length of the 
toes makes P.fleetensis easily distinguishable.
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The specific name is derived from The Fleet, Dorset where the species 
was discovered.
The other Proales present in substantial numbers was Proales halophila
Remane. The dimensions of the
animals found in the Fleet were
somewhat smaller than the
dimensions give by De Smet (1996) -
135 - 180p, at about 100p in length,
however the fenestrations at the 50um
anterior ends of the manubria Figure 101. P.halophila. Dorsal
view
matched those in the key, and the
slight outward turn of the tips of the toes was clearly marked.
Furthermore De Smet notes ‘Epipharynx two long, slender, slightly curved 
rods’ which were clearly visible under high power in the Fleet animals.
Synchaetidae
The genus Synchaeta were 
often present in the Fleet.
This genus encompasses both 
planktonic and littoral species.
It is unusual in that it is the 
only genus with a true marine
deep-water plankton, and some Figure 102. Synchaeta cecilia
with eggs
of the animals found may have
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strayed into the littoral from the pelagic areas of the lagoon. It contains 
some difficult species. Ruttner-Kollisko (1974) remarks:
‘About 30 species have been described, although in many it is difficult to 
discriminate between them, and their taxonomic validity is doubtful... As 
the distinguishing features mainly concern the shape of the body they 
cannot be recognised in preserved material shrunk to a greater or lesser 
degree. The part of the trophi are delicate and hard to see, other features 
are either variable within a population (e.g. position and colour of eyes) or 
insufficiently known (e.g. shape of eggs) and consequently at the present 
stage of our knowledge, the species of the genus Synchaeta must be 
considered not identifiable in the preserved state. Even with living 
animals it is difficult to distinguish the species within certain 
‘Formenkreise’. A thorough revision of the genus is urgently needed.’
Koste makes similar comments, adding that little reliance can be placed 
on the shapes of the animals when compressed by a cover glass [or 
compressorium]. These observations were certainly confirmed with the 
animals in the Fleet, although Koste’s point was, to some degree, partly 
overcome by the use of electronic flash photomicrography. One species, 
found mostly among the Chaetomorpha at Abbotsbury, was most 
probably Synchaeta tremula O.F.M. It was often observed tethered by a 
long mucus thread extruded from the foot cement glands, while rotating 
about its axis, and filter feeding. Flollowday (pers.com.) suggests that this 
is probably specific to S.tremula. Many of the animals that were
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encountered in the littoral exhibited this behavioural pattern. Another 
species was probably Synchaeta cecilia Rousselet. This was found on 
one occasion with eggs attached. This species is easy to confuse with 
S.oblonga, but oblonga is a freshwater species and is not known to have 
been found in a marine habitat.
■
b " . «
Fulcrum
Figure 103. Synchaeta vorax. Above 
whole animal dorsal view. Top right and 
right - trophi
The third Synchaeta found in the Fleet 
is probably Synchaeta vorax Rousselet.
The pictures of the trophi of S. vorax 
indicate the difficulties encountered in 
this study, and referred to by Ruttner- 
Kollisko and Koste. The electronic flash photomicrograph of the
Manubrium
k *s
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unrestrained habitus probably show the animal in as natural a state as is 
possible, but the trophi proved to be extremely fragile and difficult to see. 
The video pictures have been electronically processed to bring out as 
much fine detail as possible. That is to say that while no pixels (picture 
elements) have been erased or added (apart from removing intrusive air 
bubbles etc.), some pixels have had their intensity changed to improve 
contrast, or increase an edge gradient, thus enhancing sharpness. Even 
so, it is difficult to make out the exact outline of the rami.
Testudinellidae
The single representative of this family was relatively easy to identify 
unambiguously.
Testudinella clypeata O.F.M. is unmistakably a Testudinella with its well- 
marked elliptical lorica, which 
is however still capable of 
some flexion. The long 
flexible pseudosegmented 
trunk-like foot appears to end 
in a cilial ring. According to 
Koste(1978) it is 
distinguished from T.elliptica 
by its occurrence in salt and 
brackish waters, and its 
slightly smaller length. The 
animals in the Fleet met these criteria, and had two prominent eyespots.
100um
Figure 104. Testudinella clypeata from the Fleet. 
Dorsal view. The animal is flattened dorso- 
ventrally.
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It was almost completely confined to the enclosed (brackish) end of the 
Fleet, where it was present in substantial numbers amongst beds of the 
alga Chaetomorpha. The probable reasons for its absence from the 
marine end of the Fleet will be discussed later.
3.8 Rotifer numbers and distribution 
Summary of rotifer distribution for 1993
Table 55. Rotifers found in 1993
Location Abbotsbury Morkhams Lake Moonfleet Ferry Bridge
Species
A. clydona 18
Colurella sp. 906 644 806 336
E. marinum 158 230 15 72
N. salina 51 11
N. bipalium 13
P. reinhardti 16 24 10
T. clypeata 248 127
S. tremula 61
S. vorax 57 111 12
Totals 1528 1123 845 430
Species 9 6 4 5
Note - the Colurella comprised at least 2 species and have thus been included as 
such in the species row.
Table 56a. Rotifer numbers and distribution for 1993
Ferry Bridge
Date 03/06/93 17/06/93 03 /07/93 16/07/93 30/07/93 16/08/93 02 /09 /93  Totals
Colurella spp. 13 8 253 26 7 29 336
E marinum 72 72
P reinhardti 10 10
S vorax 12 12
TO TALS 13 8 337 26 7 39
TO TAL ANIM ALS 430
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Table 56b
M oonflee t 03/06/93 17/06/93 03/07/93 16/07/93 30/07/93 16/08/93 02/09/93 Totals
Colurella spp. 204 98 54 228 148 74 806
E marinum 15 15
P reinhardti 22 2 24
TO TALS 204 98 54 250 148 74 17 845
TO TA L ANIM ALS 845
M orkham s Lake 03/06/93 17/06/93 03/07/93 16/07/93 30/07/93 16/08/93 02/09/93 Totals
Colurella spp. 162 55 72 223 60 72 644
E marinum 133 45 45 7 230
N  salina 11 11
T clypeata 11 30 86 127
S tremula 11 22 60 79 172
S vorax 36 75 111
TO TALS 162 55 22 241 301 270 244
TO TAL ANIM ALS 1295
Rotno9x.xl
A bbotsbury 03/06/93 17/06/93 03/07/93 16/07/93 30/07/93 16/08/93 02/09/93 Totals
A clydona 18 Not 18
Colurella spp. 8 656 222 20 sampled 906
E marinum 31 14 89 20 4 158
N salina 51 51
N bipalium 13 13
P reinhardti 5 11 16
T clypeata 8 14 71 81 74 248
S tremula 21 27 13 61
S vorax 53 4 57
TO TALS 116 667 49 462 134 82
TO TAL ANIM ALS 1510
The project was started in early June and the observations for this year 
cover only the Summer months. There is a marked difference in the total 
numbers (abundance) and species richness going from the brackish end 
of the Fleet at Abbotsbury to the marine end at Ferry Bridge. T.clypeata 
and A.clydona were only found at Abbotsbury. Colurella spp. were 
ubiquitous and endemic although primarily a summer genus - a warm 
stenotherm. However their populations showed some cyclic component 
at most sites. At Moonfleet they were found in substantial numbers on 
3rd June and again about six weeks later. Similarly Morkhams Lake I 
shows two pulses on 3rd June and seven weeks later on 30 July. At
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Abbotsbury large numbers were found on 17th June, and four weeks later 
on 16th July. This may reflect the population dynamics of the rotifer. If, 
after a winter hiatus, a number of resting eggs hatch simultaneously, then 
it is possible that populations will show a degree of synchronicity, with 
numbers rising and falling in a particular rhythm. An alternative 
explanation is that the rotifers are migrating, or being transferred by water 
movements in the Fleet along its length. Or the rotifers may be 
responding to some other cyclical change in their environment, such as 
food supply.
Additionally species richness and total abundances decreased along the 
Fleet from Ferry Bridge to Abbotsbury. Total abundance showed a strong 
negative correlation with salinity (r=0.94, p=0.3). The negative correlation 
of species richness with salinity was weaker (r=0.811, p = 0 .1).
t a g »  Species richness 
Abundances X  100 
■ ♦  Conductivity
Location
Figure 105. Abundances, species richnes and conductivities for 1993. FB=Ferry 
Bridge, MF=Moonfleet, ML=Morkhams Lake, AB=Abbotsbury
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There are also significant correlations for total abundances with species 
richness (p<0 .01 ) and total abundances with ammonia (p<0 .01 ) and 
species richness with ammonia (p<0 .01 ).
Rotifer numbers and distribution for 1994
During 1994 a new species of Proales - P.fleetensis nov.sp. - was found 
at Ferry Bridge. This is fully described above in Section 3.7.
Summary of rotifer numbers and distribution for 1994 
Table 57. Summary of rotifer numbers and distribution for 1994
Abbotsbury
Morkhams
Lake Moonfleet
Ferry
Bridge
Intertidal
Ferry
Bridge
Subtidal Totals
P.reinhardti 31 10
zone
127
zone
5 173
P.holophila 9 9
Colurella spp 10 4 105 91 210
T.clypeata 20 20
A.reibischi 2 2
E. marinum 18 5 23
TO TALS 61 4 117 226 19
TO TAL TAXA 4 2 4 4 3
Colurella spp comprised two species and are therefore counted as two taxa
Table 58. Rotifer numbers and distribution for Abbotsbury in 1994
Abbotsbury 1994
Date 03-09-94
P reinhardti 31
Colurella spp 10
T clypeata 20
TO TALS 6Ï~
TO TA L TAXA___________________________ 4 _________________ __________________________ ______
Colurella spp comprised two species and are therefore counted as two taxa
Table 59. Rotifer numbers and distribution for Morekhams Lake in 1994
04-08-94
E marinum 2
Colurella spp 4
TO TALS 6
TO TA L TAXA 3
Colurella spp comprised two species and are therefore counted as two taxa
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Table 60. Rotifer numbers and distribution for Moonfleet in 1994 
Moonfleet
Date 17-03-94 04-08-94 03-09-94
P. reinhardti 10
Colurella spp 67 39
A. reibischi 2
TO TA LS 12 66 39
TO TA L A NIM ALS 117
TO TA L TAXA 2 2 1 ______
Colurella spp comprised two species and are therefore counted as two taxa
Table 61. Rotifer numbers and distribution for Ferry Bridge - Intertidal zone in 1994
Ferry B ridge - In tertidal zone
Date 17/03/94 14/04/94 04/08/94 03/09/94 27/10 /94 Totals
P. reinhardti 127 127
E. marinum 37 37
Colurella spp 10 16 43 21 90
E. marinum 5 13 18
TO TALS 127 52 16 43 34
TO TA L ANIM ALS 272
TO TA L TAXA 1 4 2 2 3
Colurella spp comprisedjwo species and are therefore counted as two taxa
Table 62. Rotifer numbers and distribution for Ferry Bridge - sub-tidal zone in 19!
Ferry B ridge - S ubtida l zone
Date 17/03/94 14/04/94 04/08/94 Totals
P. reinhardti 5 5
P. halophila 9 9
E. marinum 0
Colurella spp 5 16 21
E. marinum 5 5
TO TALS 5 14 16
TO TA L ANIM ALS 34
TO TA L TAXA 1 3 2
| Colurella spp comprised two species and are therefore counted as two taxa
The reduced numbers recorded during 1994 reflected the reduced 
sampling effort due to absence overseas. The main sampling effort was 
concentrated on the Ferry Bridge site to identify differences between the 
sub-tidal and inter-tidal zones. During this time the importance of the 
zoning of the intertidal area between chlorophyte and phaeophyte areas 
was not appreciated, and thus no distinction was made between them.
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Both were randomly included in the samples collected. Although 
P.reinhardti was found at both Abbotsbury and Ferry Bridge it was found 
exclusively early in the year at Ferry Bridge, and only later in the year at 
Morkhams Lake and Abbotsbury. This might be due to the temperature of 
the intertidal pools at Ferry Bridge rising sufficiently to allow resting eggs 
to hatch, while temperatures at Morkhams Lake and Abbotsbury, where 
intertidal pools do not form, would keep lower temperatures until later j 
in the year
During 1994 the new rotifer, Proales fleetensis sp.nov., was found in the 
intertidal zone at Ferry Bridge. The numbers in the samples were too few 
to show in the quantitative analyses, but in samples kept for several days 
the rotifer reproduced freely and reached high numbers in the dishes.
Table 63. Rotifer numbers and distribution for 1995
Ferry B ridge Intertidal 
1995
Date 16/02/95 16/03/95 30/03/95 13/04/95 28/04/95 18/05/95 01/08/95 30/08 /95 12/10/95 Totals
P. reinhardti 152 44 452 188 114 950
Colurella spp 24 101 132 8 94 359
S. vorax 223 6 67 296
Copepods 120 34 92 41 120 2 7 416
Nauplii 106 103 36 6 155 406
Nematoda 40 34 98 27 144 2 101 446
TO TALS 152 68 718 582 304 169 432 24 424
TO TA L TAXA 1 3 4 5 3 4 5 6 6
Ferry B ridge su btida l 1995
Date 16/02/95 16/03/95 30/03/95 13/04/95 28/04/95 18/05/95 30/08 /95 12/10/95 Totals
P.reinhardti 47 3 12 62
Colurella sp. 23 23
E. listensoides 33 1 34
Copepods 59 235 223 18 71 606
Nauplii 35 58 221 4 318
Nematoda 59 39 136 70 37 50 391
TO TAL 33 200 101 384 536 59 122
TO TAL ANIM ALS 1436
TO TA L TAXA 1 4 3 3 5 3 3
TO TA L R O TFR  TAXA 1 2 1 2 2 1 2
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Table 63b
M o on flee t 1995
Date 16/02/95 16/03/95 30/03/95 13/04/95 28/04/95 18/05/95 01/08 /95 30/08/95 Totals
P.reinhardti 66 117 196 379
E. marinum 7 39 7 53
Colurella sp. 43 253 38 21 355
Copepods 45 78 34 157
Nauplii 7 59 58 205 62 391
Nem atoda 15 98 97 195 144 549
TO TAL 66 146 396 454 555 267
TO TA L ANIM ALS 1884
TO TA L TAXA 2 0 5 6 5 6 6
TO TAL R O TIFE R  TAXA 1 0 2 3 2 3 3
M orkham s Lake 1995
Date 16/02/95 18/05/95 21/06/95 01/08/95 Totals
E. marinum 9 9
Colurella spp. 423 36 27 486
Copepods 282 77 53 412
Nauplii 394 195 176 765
Nem atoda 761 1181 220 2162
TO TAL 1099 1488 485
TO TAL ANIM ALS 3173
TO TAL TAXA 5 5 6
TO TA L R O TIFE R  TAXA 2 2 3
A bbotsbury  1995
Date 28/04/95 18/05/95 01/08/95 Totals
E. marinum 10 92 102
Colurella spp. 58 7 65
A. harringii 3 15 18
Copepods 5 13 18
Nematoda 3 13 16
TO TA L 20 165 33
TO TA L ANIM ALS  
TO TA L TAXA
218
4 3 3
TO TA L R O TIFE R  TAXA 2 3 1
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Summary of rotifer numbers and distribution for 1995
Table 64. Summary of rotifer numbers and distribution for 1995
1995 Ferry Bridge Ferry Bridge Morkhams
Intertidal Subtidal Moonfleet Lake Abbotsbury Total
P.reinhardti 951 63 379 1393
E. marinum 53 9 102 164
Colurella sp. 359 23 355 486 65 1288
A. harringii 17 17
S. vorax 295 295
E. listensoides 34 34
Copepods 415 606 158 411 18 1608
Nauplii 405 317 390 765 1877
Nem atoda 446 391 549 2161 16 3563
TO TAL 295 34 0 0 0
TO TA L TAXA 6 6 6 5 5
TO TA L R O TIFE R  TAXA 3 3 3 2 3
E.listensoides was originally identified as E. putorius, which it closely 
resembles. However in early 1999 drawings and photographs were sent 
to De Smet, who positively identified it as a new species he had recently 
discovered in the Netherlands, although his paper describing this animal 
was only now in press. Records were accordingly corrected.
Some of the differences between sites again reflect an unequal sampling 
effort, however there are significant differences between the number of 
rotifers found in the Ferry Bridge subtidal and intertidal zones. The 
difference in P.reinhardti numbers between the intertidal zone and the 
subtidal zone is striking; conversely the numbers at Moonfleet, where 
there is a rocky shore with little silt deposition, approach those for the 
Ferry Bridge intertidal zone.
The similarity between Moonfleet and the Ferry Bridge intertidal zone is 
again shown by the high numbers of Colurella at both sites.
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Rotifer numbers and distribution for 1996
Table 65. Summary of rotifer numbers and distribution for 1996
Ferry Bridge Morkhams
Phaeophyte Chlorophyte Subtidal Moonfleet Lake Abbotsbury Total
P. reinhardti 620 146 50 264 148 43 1271
P. halophila 29 61 4 69 65 228
E. listensoides 89 47 5 73 214
E. marinum 6 51 15 42 65 212 391
E.plicatum 10 10
Colurella sp. 37 7 86 9 24 163
A. clydona 9 3 12
N. bipalium 21 21
N. salina 6 6
E.algente 23 23
T. clypeata 6 6
Copepoda 290 480 596 81 160 1607
Nauplii 360 612 271 145 50 1438
Nem atoda 639 499 790 205 847 86 3066
TO TALS 1289 1591 1657 431 1057 86
TAXA 8 8 7 8 9 9
RO T.SP 5 5 4 5 6 8
As with the preceding year there is more similarity between the 
distribution of P.reinhardti at the Ferry Bridge phaeophyte site and 
Moonfleet, than between those two sites and the Ferry Bridge subtidal. 
This same pattern is shown by E.listensoides.
Table 66. Rotifer numbers and distribution for 1996
Ferry Bridge phaeophyte area 1996
Date 19/01/96 08/02/96 21/02/96 15/04/96 02/05/96 22/05 /96 Total
P. reinhardti 54 170 121 275 620
P. halophila 9 14 6 29
E. listensoides 56 33 89
Colurella spp. 15 22 37
E. marinum 6 6
Copepoda 18 83 60 29 72 27 289
Nauplii 45 98 26 39 33 118 359
Nem atoda 134 24 171 20 199 91 639
TO TALS 260 390 455 364 364 237
TO TA L ANIM ALS 2069
TO TA L TAXA 5 5 7 4 6 3
TO TA L R O TIFE R 2 2 4 1 3 0
TAXA
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Table 66b
Ferry B ridge ch lorophyte area 1996
Date 19/01/96 08/02/96 21/02/96 15/04/96 02/05/96 22/05 /96 Total
P. reinhardti 45 7 24 39 30 145
P. halophila 6 55 61
E. listensoides 45 2 47
Colurella sp. 7 7
E. marinum 8 13 30 51
Copepoda 29 20 74 334 22 479
Nauplii 78 19 50 123 328 15 613
Nematoda 45 39 86 94 206 30 500
TO TALS 123 95 176 291 898 67
TO TAL ANIM ALS 2069
TO TA L TAXA 4 6 7 5 5 3
TO TA L R O TIFE R 2 3 4 2 2 0
TAXA
Ferry B ridge subtidal area 1996
Date 19/01/96
P. reinhardti 
P. halophila 
E. listensoides 
Colurella spp.
E. marinum
Copepoda 97
Nauplii 97
Nem atoda
TO TALS 194
TO TAL A NIM ALS 2069
TO TAL TAXA 2
TO TA L R O TIFE R  0
TAXA
M o on flee t 1996
Date 15/04/96 02/05/96 04/07/96 Totals
P. reinhardti 264 264
E. marinum 36 33 69
Colurella spp 73 73
E. listensoides 22 64 86
A. clydona 6 36 42
Copepoda 9 72 81
Nauplii 21 33 91 145
Nem atoda 6 199 205
TO TALS 337 364 264
TO TA L ANIM ALS 965
TO TA L R O TIFE R 2 3 4
TAXA
08/02/96 21 /02/96 15/04/96 02 /05 /96  22 /05 /96  Total
7 43  50
4 4
5 5
0
15 15
47 55 357 20 20 596
28 7 121 9 9 271
35 31 575 74 74 789
117 102 1111 103 103
4 5 5 3 3
1 2 2 0 0
Rotifera of a marine lagoon P. 139
Table 66c
M o rkham s Lake 1996
Date 15/04/96 02/05/96 22/05/96 04/07/96 Totals
P. reinhardti 148 148
E. marinum 20 46 66
Colurella sp. 9 9
E.plicatum 10 10
A. clydona 9 9
Copepoda 10 143 8 161
Nauplii 39 11 50
Nem atoda 118 455 256 18 847
TO TALS 305 645 276 73
TO TA L A NIM ALS 1299
TO TA L TAXA 5 4 3 4
TO TA L R O TIFE R  TAXA 3 1 0 3
A bb otsbu ry  1996
Date 02/05/96 22/05 /96 Total
P. reinhardti 28 15 43
E. marinum 174 38 212
N. bipalium 9 12 21
N. salina 6 6
E.algente 23 23
T. clypeata 6 6
A. clydona 3 3
Colurella spp 24 24
Copepoda
Nauplii
Nem atoda 18 67
TO TALS 229 193
TO TA L ANIM ALS  
TO TA L TAXA
422
4 9
TO TA L R O TIFE R  TAXA 3 8
Sampling efforts were concentrated on the Ferry Bridge site, and the 
results show the significant differences between the different zones, 
pparticularly with respect to P.reinhardti, which is dominant in the 
phaeophyte pools. On the other hand E.marinum was present in 
significantly greater numbers in the chlorophyte area, on two occasions 
this rotifer was only found in these pools, and on the third occasion there 
were four times as many in the chlorophyte pools as in the phaeophyte 
pools. On this occasion the difference was highly significant (P<0.01).
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The numbers found in the samples from each area for 1996 are shown in 
Figure 106, together with the water temperatures. The figure shows the 
marked differences between the two areas. The gradual decline in 
P.reinhardti as temperatures rise is also clear.
Once again Abbotsbury shows the greatest species richness, particularly 
significant since only two visits were made to this site in 1996.
There are some indications from Figure 106 that the initial response of 
P.reinhardti to falling temperatures is a delayed fall in populations, before 
rising temperatures correlate with a final fall in numbers during the 
summer.
Rotifer numbers and distribution for 1997
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Figure 106. Proales reinhardti numbers in the phaeophyte, chlorophyte and 
subtidal areas together with midday temperatures, for Spring 1996. Error bars 
are for one SE.
Phaeophyte
Chlorophyte
Subtidal
DATE
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Summary of the distribution for 1997 together with probabilities for the 
Spring 1996 and Spring 1997 differences in the distribution of P.reinhardti 
between the phaeophyte and chlorophyte areas
Table 67. Rotifer numbers and distribution for 1997. NR = Not Recorded.
Ferry Bridge - phaeophyte area
14-01-97 27-01-97 12-02-97 25-02-97 09-03-97 25-03-97 Totals
P.reinhardti 105 56 19 168 327 36 711
Nem atodes 168 19 7 41 32 12 279
Nauplii 189 65 35 0 0 289
Copepods 53 41 16 13 122
TO TALS 515 140 26 285 375 61 1401
TO TA L ANIM ALS 1402
TO TA L TAXA 8 3 3 5 4 4 8
TO TA L R O TIFE R  TAXA 5 1 2 2 1 1 5
Ferry Bridge - chlorophyte area
14-01-97 27 -01-97 12-02-97 25 -02-97 09-03-97 25 -03-97  Totals
P.reinhardti 10 39 41 47 162 13 319
P.halophila 3 26 0 29
Nem atodes 7
Nauplii 10
Copepods 3
TO TALS 33 65 41 47 162 13 348
TO TA L ANIM ALS 361
TO TA L TAXA 5 3 2 1 1 1
TO TA L R O TIFE R  TAXA 5 1 2 2 1 1
Ferry Bridge - subtidal area
14-01-97 27-01-97 12-02-97 25-02-97 09-03-97 25-03-97 Totals
P.reinhardti 56 11 NR 67
Colurella NR 0
Nematodes 18 14 74 323 NR 429
Nauplii 101 7 56 NR 164
Copepods 30 67 NR 97
TO TALS 205 21 85 446 757
TO TAL ANIM ALS 757
TO TA L TAXA 4 2 0 2 3
TO TA L R O TIFE R  TAXA 1 0 0 1 0
Rotifer abundance was notably low in the subtidal area, except at the very 
beginning of the year, when diatom and algal growth is low, and thus the 
secretion of mucilage was low. The greater sediment loading due to 
accretion of silt and organic detritus later in the year, probably accounts 
for the greater number of nematodes found later in Spring.
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Significant differences were found between the populations of P.reinhardti 
in the chlorophyte pools and those in the phaeophyte pools. These are 
described and analysed for both 1996 and 1997 in the next section.
3.9 Preference of Proales reinhardti for the phaeophyte area to the 
chlorophyte area
P.reinhardti was found in greater abundances in the phaeophyte area 
than in the chlorophyte area. The significances of these abundances is 
shown in Table 68.
Table 68. Relative abundance of P.reinhardti on phaeophyte or chlorophyte algae, 
together with Mann-Whitney probabilities of the null hypothesis.
Most
Abundant
1996 on U P
21-01-96 Phaeophyte 2 <.05
09-02-96 Phaeophyte 11 <0.0001
21-02-96 Phaeophyte 76 <.01
15-04-96 Phaeophyte 3 <.01
1997
14-01-97 Phaeophyte 6 <.05
27-01-97 Phaeophyte 9 NS
12-02-97 Chlorophyte 8 <.01
25-02-97 Phaeophyte 2 .5 <0.001
09-03-97 Phaeophyte 56.5 <0.001
25-03-97 Phaeophyte 4 <0.001
The figures for rotifer abundances are all expressed as numbers per unit 
mass of dry algae, so that meaningful comparisons can be made 
between different sites, and differences in time of sampling. However 
these make no allowances for the role of algal morphologies in 
determining rotifer distribution, such as length of filament and area of 
filament, which differ from one algal species to another. Piiayeila is, of
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course, only found in the phaeophyte are?, but the assumption is made 
that in the chlorophyte area the different algae were distributed amongst 
the species evenly, thus Enteromorpha accounted for some 33% of the 
total amount present. If length of filament is an important factor in the 
distribution of the rotifers then, since Enteromorpha offers less length of 
filament per unit weight, the numbers should be weighted to give a 
numbers per unit length of filament.
This weighting is calculated by:
w
W= — ........................................................................... Equation 6
w,
Where W is the weighting factor, we is the dimension excluding 
Enteromorpha, and Wj the dimension including Enteromorpha.
This weighting amounts to some 25% if filament length is a criterion in 
determining rotifer abundances. On the other hand, if area is the main 
consideration then the weighting reduces to a much less significant 9%. 
This may be even lower if the more flattened nature of the cross section 
of the larger filaments of Enteromorpha is taken into consideration.
Table 69. Weighting factors for variations in algal dimension
I Length Area MeanI mm mg-1 mm2mg-1 W idth
Pilayella 3865.90 295.80 24 .36  mm
Percursaria 3154.29 301.86 30 .46  mm
Rhizoclonium 3100.06 278.68 28.61 mm
Enteromorpha 1258.23 223.07 57 .27  mm
Mean inc. Enteromorpha 2504.19 267.87 38.78 mm
Mean exc.Enteromorpha 3127.18 292.11 27.81 mm
Weighting 1.25 1.09 0.72
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The revised probabilities are shown in Table 70. The significances (of the 
null hypothesis) rise a little, but in no case do they change from significant 
(or better) to not significant.
Since the area weighting is considerably less than that for length the 
probabilities were not revised for this variable.
Table 70. Probabilities for P.reinhardti choice of algae revised for lengths mg'1
Most Abundant
1996 on U P
21-01-96 Phaeophyte 2 <.05
09-02-96 Phaeophyte 11 <0.01
21-02-96 Phaeophyte 76 <.01
15-04-96 Phaeophyte 3 <.01
1997
14-01-97 Phaeophyte 6 <.05
27-01-97 Phaeophyte 9 NS
12-02-97 Chlorophyte 8 <.01
25-02-97 Phaeophyte 51 <0.01
09-03-97 Phaeophyte 56.5 <0.05
25-03-97  Phaeophyte 4 <0.001
Significant differences were also found for the distribution of E.marinum 
between the chlorophyte pools and the phaeophyte pools. The situation 
was the reverse of that found for P.reinhardti. On two occasions this 
rotifer ( E.marinum ) was only found in the chlorophyte pools but not in 
the phaeophyte areas. On the third occasion there were twice as many 
amongst the chlorophytes as amongst the phaeophytes. On this 
occasion this difference was highly significant (p<0.01).
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3.10 ‘Choice’ of Proales reinhardti between chlorophyte and 
phaeophyte algae
The preference of P. reinhardti for settling on phaeophyte algae or 
chlorophyte algae was tested. lEqual amounts of each alga were set up in the 
same 55mm dish - 100mg wet weight of each + 20ml seawater. 20 adult 
female animals were then pipetted into the space between them, and the 
dishes examined at intervals. The number of animals amongst each alga 
was counted.
Table 71. Numbers of P.reinhardti found on the phaeophyte algae
Date 01-03-98 08-03-98 10-03-98 13-03-98
3 2 1 2
4 5 3 0
4 5 7 3
2 3 4 3
3 4 2 0
Total 16 19 17 8
Mean 3.20 3.80 3.40 1.60
St Dev 0.84 1.30 2.30 1.52
Table 72. Numbers of P.reinhardti found on the chlorophyte algae
Date 01-03-98 08-03-98 10-03-98 13-03-98
1 0 0 0
1 0 0 0
1 0 0 0
1 0 0 0
3 1 1 0
Total 7 1 1 0
Mean 1.40 0.20 0.20
St Dev 0.89 0.45 0.45
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Figure 107. Settlement of P.reinhardti on chlorophyte or phaeophyte alga.
The differences between the settlement on phaeophyte or chlorophyte 
were highly significant (p<0.001). These findings are in agreement with 
the field sampling results, which showed much greater abundances of 
P.reinhardti in the phaeophyte pools than in the chlorophyte pools.
3.11 Effects of temperature on Proales reinhardti population 
dynamics
Table 73. Population dynamics of P.reinhardti in laboratory samples at 18°C ± 2°C
under a 10/14 hr light/dark regime
Day 1 4 5 6 7 8 9
Dish
A 6 5 2 0 0 0 0
B 6 20 7 1 0 0 0
C 6 5 6 1 4 2 0
D 6 15 18 4 0 1 0
E 6 3 2 0 0 0 0
Total 30 48 35 6 4 3
Mean 6 9 .60 7 .00 1.20 0 .80 0 .60
St Dev 0 7 .47 6.56 1.64 1.79 0.89
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Table 74. Population dynamics of P.reinhardti in laboratory samples at 8°C ± 2°C 
under a 10/14 hr light/dark regime
Day 1 4 5 6 7 8 9 10 11 12 13 14 15 16 18 19
Dish
F 6 4 6 5 9 11 11 13 14 20 20 35 38 42 38 30
G 6 12 24 35 30 30 29 33 68 62 91 110 118 86 70 42
H 6 4 4 7 9 13 7 10 56 17 14 27 37 37 17 17
I 6 7 8 11 7 13 8 10 17 21 32 27 22 20 5 8
J 6 16 25 30 28 31 25 41 23 65 48 55 60 63 44 30
Total 30 43 67 88 83 98 80 107 178 185 205 254 275 248 174 127
Mean 6 8.60 13.40 17.60 16.60 19.60 16.00 21.40 35.60 37.00 41.00 50.80 55 .00 49 .60 34.80 25.40
St Dev 0 5.27 10.24 13.89 11.37 9.99 10.25 14.57 24.68 24.26 30.82 35.02 37.74 25.48 25.19 13.15
80
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40
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20
10
0
0 105 15 20
Days
-igure 108. Population dynamics of P.reinhardti at 18°C ± 2°C and 8°C ±2°C Error 
bars are for ± 1 SE.
The fact that the mean numbers rose (or did not fall significantly) in the 
18°C samples during the early part of the experiment is thought to be 
significant - see discussion.
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3.12 Tolerance of Colurella to high salinities
5 replicates were set up using 55mm plastic Petri dishes filled with 15ml 
seawater and 15 X 2.5cm strands E.intestinalis -10 Colurella put in each 
dish. Dishes were kept at 18SC in a 12/12hr light/dark regime.
Evaporative losses were made up using filtered seawater, so the
conductivity rose throughout the study period.
Table 75. Population dynamics of Colurella kept in rising conductivity.
Day 2 7 10 16 18 23
Dish Conductivity mS
A 56 60.6 63.1 63 83 81.5
B 56 66.5 67.2 68 71 81.5
C 56 68.1 70.4 70 85 81.9
D 56 63.1 65.2 65.6 70 75
E 56 61.3 67 67.5 78 80
Mean 56.00 63.92 66.58 66.82 77.40 79.98
St.dev. 0.00 3.27 2.70 2.65 6.80 2.88
Numbers
A 4 3 8 10 18 1
B 2 4 6 12 9 1
C 3 3 8 10 14 0
D 3 3 7 11 11 1
E 3 3 7 10 13 0
Mean 3.00 3.20 7.20 10.60 13.00 0.60
Stdev 0.71 0.45 0.84 0.89 3.39 0.55
The population crash at Day 26 may have been due to exhaustion of food 
supplies.
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Figure 109. Population dynamics of Colurella kept in rising conductivities.
The figures suggest that Colurella is resistant to higher than normal 
salinities such as might be found in drying pools in the summer, or in the 
Fleet during exceptional hot weather.
100u
3.13 Settling behaviour of Testudinella clypeata
3.13.1 Structure of the foot
All Testudinella species are
loricate, and a flexible extensible
foot protrudes from a ventral and
posterior aperture. This is
usually (Donner 1966) shown as
terminating in a simple ring of ,  "
Figure 110. T.clypeata whole animal
cilia, with the implication that cilial currents suffice to attach the animal to
Lorica (shell)
Foot
a suitable substrate. Indeed, Donner(1966) identifies the sub-order
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Flosculariacea as ‘Foot, when present, with a ciliated cup...’ implying that 
the cilia are arranged around the ‘lip’ of the cup, and it is depicted as such 
in his figure. Hollowday (pers.comm.) again shows the cilia as apparently 
attached to the rim.
However examination aided by a 
number of videographs taken, 
using an inverted microscope, of 
the foot of T. clypeata showed that 
this is only a partial picture. It is a 
long pseudosegmented flexible 
muscular tube, capable of near- 
complete withdrawal into the lorica, 
or extension to about the same 
length of the animal. It is essentially tubular in structure. The proximal 
pseudosegment is annulated, in a rather similar manner to an elephant's 
trunk, while the terminal pseudosegment is non-contractile. The central
lumen is constricted, and down 
the lumen passes an extensible 
process, bearing at its tip a 
'brush' of long cilia attached to a 
‘bulb’. During restraint in a 
compressorium this 'brush' can 
be seen continually extending 
clear of the foot, and then
B?ush bulb
Figure 112. Foot of T.clypeata showing 
brush bulb of cilia
Cilia
1
1
Cemenl 
gland ^  
duct
1
Figure 111. Foot of T.clypeata, showing 
cement gland ducts
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retracting, apparently testing the substrate for its suitability for 
attachment. When the rotifer is attached the 'brush' is withdrawn and 
apparently inactive. However some intermittent activity was occasionally 
observed. Whatever the mechanism for attachment, either suction 
generated by the ‘brush’, or cement from glands in the foot, there is a 
problem for the rotifer attaching itself 
to small diameter algal filaments.
Assuming the end of the cup is treated 
as a circle in one plane, and the alga 
as a cylinder, then there will be a gap 
between the edge of the cup and the
Roti
foot
ra
Alga
filament
alga depending on the radius of the Figure 113. Schematic of
T.clypeata foot in contact with
alga and the radius of the cup: a,gal filament
9 = ra 2 + r f 2  ^— r a .....................................................Equation 7
where g is the gap between the rotifers foot and the alga, ra;' is the radius 
of the algal cylindrical filament, and rf is the radius of the terminating cup 
of the rotifer’s foot.
Table 76. Maximum gap between algal filament and T.clypeata foot.
Alga Gap on
T.clypeata foot
Attachment
Pilayella 1.4^im Not observed
Percursaria 1.14pm Not observed
Rhizoclonium 1.21pm No
Enteromorpha 0.62pm Not observed
Chaetomorpha 0.09pm Yes
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Table 76 shows the attachment of the rotifer to different algal species,and 
the calculated gap between the foot and the average filament. It would 
seem to imply that there is a critical value for the radius of the filament to 
allow the rotifer to attach, that lies between 0.62pm and 0.09pm.
3.13.2 Response to different source water
The response of T.clypeata to the different ionic compositions of water 
from Abbotsbury and Ferry Bridge was tested. Two sets of 5 replicates 
were established of 6 animals in each 55mm Petri dish, with 10 filaments 
of Chaetomorpha alga, its preferred substrate at Abbotsbury, a control 
using filtered water from Abbotsbury, and the second set with water from 
Ferry Bridge. Counting was sometimes difficult due to the occasional 
animal which settled under the alga or elsewhere in the dish where it was 
difficult to see it. The results are shown in Tables 77 and 78.
Table 77. Response of T. clypeata to filtered water from Abbotsbury with a Si02 
concentration of 4.5mg/l. Population dynamics over 13 days.
Dish 30-07-97 02-08-97 03-08-97 04-08-97 07-08-97 08-08-97 10-08-97 11-08-97 12-08-97
1 3 2 4 8 8 5 5 12 7
2 6 3 5 10 4 6 10 8 3
3 7 7 7 12 10 9 7 8 5
4 6 8 10 11 2 10 10 10 3
5 6 13 11 12 6 14 6 7 7
Total 28 33 37 53 30 44 38 45 25
M ean 5.60 6.60 7.40 10.60 6.00 8.80 7.60 9.00 5.00
S t Dev 1.52 4.39 3.05 1.67 3.16 3.56 2.30 2.00 2.00
0.68 1.96 1.36 0.75 1.41 1.59 1.03 0.89 0.89
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Table 78. Response of T. clypeata to filtered water from Ferry Bridge with a Si02 
concentration of Omg/I. Population dynamics over 13 days.
Dish 30-07-97 02-08-97 03-08-97 04-08-97 07-08-97 08-08-97 10-08-97 11-08-97 12-08-97
1 4 2 3 5 8 3 3 4 7
2 6 8 6 9 4 5 6 4 3
3 5 6 7 13 10 5 11 8 8
4 9 9 11 16 2 8 6 7 6
5 6 9 12 24 6 10 14 7 8
Total 30 34 39 67 30 31 40 30 32
M ean 6.00 6.80 7.80 13.40 6.00 6.20 8.00 6.00 6.40
S t Dev 1.87 2.95 3.70 7.23 3.16 2.77 4.42 1.87 2.07
The difference in population growth of the rotifers in each was not 
significant.
3.13.3 T. clypeata preference for attachment
6 animals were placed in each of the cells of 2 6 celled cell culture 
dishes, 4 filaments of Chaetomorpha in one set, 20mg (-15 filaments) of 
Rhizoclonium in the other. The dishes were examined daily and the 
settlement pattern of the rotifers recorded, whether the animals were on 
the floor of the dish, free swimming or attached to the alga. Later a 
similar experiment was carried out for Pilayella alga
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Table 79. Settlement of T.clypeata on Chaetomorpha or Rhizoclonium alga
Day 1 4 6 8
Chaetomorpha
Total Mean St. Dev
On floor of dish 1 1 1 2 5 1.25 0.50
On alga 4 5 4 3 16 4.00 0.82
Swimming 1 0 1 0 2 0.50 0.58
Rhizoclonium
Total Mean St. Dev
On floor of dish 4 5 5 4 18 4.50 0.58
On alga 1 1 0 0 2 0.50 0.58
Swimming 1 0 1 0 2 0.50 0.58
Pilayella
Day 2 4 7 10 Total Mean St. Dev
On floor 20 24 15 17 76 19.00 3.92
On alga 2 2 1 0 5 1.25 0.96
Swimming 5 2 2 2 11 2.75 1.50
Pilayella
■  On floor 
□  On alga 
Q  Swimming
Figure 114. Settlement of T.clypeata in dishes containing Pilavella alga
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Chaetom orpha
f  3
■  On floor 
B O n  alga 
B  Swimming
29/08 /97 01/09/97 03/09/97
Date
05/09/97
Figure 115. Settlement of T.clypeata in dishes containing Chaetomorpha alga
Rhizoclonium
■  On floor 
B O n  alga 
B  Swimming
29 /08 /97  01 /09/97 03 /09/97
Date
05/09/97
Figure 116. Settlement of T.clypeata in dishes containing Rhizoclonium
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3.14 Ecological indices - Dominance, Simpson’s.
3.14.1 Berger-Parker Dominance Index
This was proposed by Berger & Parker (1970) and is considered by many 
authorities (May 1975, Pielou 1975) to be amongst the most useful of 
indices. The index has the virtue of being fairly simple and is easily 
calculated on a calculator or computer spreadsheet
It is defined as:
_ TV max i- *• oD = ................................................ Equation 8
N  total
Where Nmax is the number of individuals in the most dominant taxon, 
and Nfotai is the total number of individuals of all taxa.
This is a simple index which can easily show which taxon is dominant at a 
particular site at the time(s) of sampling. It can also be used to show the 
relative numbers of any taxon. However it takes no account of total 
numbers of individuals (abundance), E.g. if 10 out of 20; animals or 100 
out of 200 are one species the index will be the same - 0.5. While it does 
not take full account of species richness, if the index is low it will imply a 
certain degree of equitability (eveness), and indicate a certain degree of 
species richness. Thus an index of 0.25 implies that there must be at 
least four other taxa involved. In the case of the Fleet higher taxonomic 
levels were recorded - the phyla Nematoda and Copepoda (and their 
nauplii). These must have comprised many different genera, let alone 
species, which means that the indices should be biased in their favour, 
since they comprised more taxa at a higher level than the rotifers which 
were at species level, but the fact that despite this, the rotifers or
individual species of rotifer, were dominant at certain times of the year, and in 
certain areas, is highly noteworthy.
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Table 80. Dom inance indices fo r the Ferry Bridge 1995/6.
Date Littoral (phaeophyte ) Littoral (chlorophyte) Subtidal
BP
Dominance
index
BP
Dominance
index
Taxon Dominance Taxon Taxon
16/02/95 1.00 P.reinhardti Nil
16/03/95 0.65 P.reinhardti Taxa other than rotifers 1.00 E.listensoides
30/03/95 0.63 P.reinhardti recorded hereon 0.29 Cop/Nem
12/04/95 0.52 P.reinhardti 0.58 Copepoda
28/04/95 0.36 P.reinhardti 0.61 Copepoda
18/05/95 0.59 Colurella spp 0.42 Copepods
01/08/95 0.32 Nematoda
31/08/95 0.25 Nematoda 0.56 Nematoda
12/10/95 0.37 Copepoda 0.57 Copepoda
27/10/95 0.67 Colurella spp 0.59 Nematoda
19/01/96 0.58 P.reinhardti 0.37 Nematoda 0.33 Nauplii
08/02/96 0.44 P.reinhardti 0.39 Nematoda 0.43 Nematoda
22/02/96 0.30 P.reinhardti 0.44 Nematoda 0.54 Copepoda
15/04/96 0.76 P.reinhardti 0.31 Nauplii 0.49 Nematoda
Table 80 shows the Berger-Parker (BP) dominance index for the different
sites, i.e. where an index of 0.63 is shown for P.reinhardti for the 
phaeophyte pools then P.reinhardti represents 63% of the total 
invertebrate fauna in those pools.
: Early in the year in the phaeophyte pools P.reinhardti becomes the 
dominant invertebrate fauna, and is occasionally the only invertebrate 
colonising the Pilayella alga.
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Table 81. Berger Parker Dominance Indices for Moonfleet, Morkhams Lake and 
Abbotsbury 1995/6
Date Moonfleet Morkhams Lake Abbotsbury
Dominance Taxon Dominance Taxon Dominance Taxon
20/02/95
16/03/95
30/03/95
12/04/95 0.73 P.reinhardti 0.62 P.reinhardti
28/04/95 1.00 Nauplii 0.50 E.marinum
18/05/95 0.51 Colurella
21/06/95 0.37 Nematoda 0.79 Nematoda
01/08/95 0.37 Nauplii 0.40 Cop/Nem
31/08/95 0.54 Nematoda
12/10/95
27/10/95
19/01/96 — Sites free of algae—
08/02/96 Sites free of algae
22/02/96 Sites free of algae
15/04/96 0.78 P.reinhardti 0.48 P.reinhardti 0.76 E.marinum
Table 82. Berger Parker Dominance Indices for Ferry Bridge 1997
Site Phaeophyte Chlorophyte Subtidal
Date Dominance Taxon
14-01-97 0.37 Nauplii 0.3 Nauplii 0.46 Nauplii
27-01-97 0.47 Nauplii 0.38 P.reinhardti
12-02-97 0.63 P.reinhardti 0.50 P.reinhardti
25-02-97 0.62 P.reinhardti 0.45 P.reinhardti 0.85 Nematoda
09-03-97 z 0.85 P.reinhardti 0.55 P.reinhardti
25-03-97 0.35 P.reinhardti 0.45 P.reinhardti
3.12.2 Simpson's Index
This is described as a measure of dominance, rather than an index, since it 
is takes into account abundances as well as species richness. It is 
formally defined as:
D = Zp,2 ........................................ Equation 9
Where Pj is the proportion of the total number of the ith sample in order of 
abundance..
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However this assumes an infinitely large community. For a finite 
community the correct form (Magurran 1996) is:
n  _  W  n ,( n i _
~ ^  N { N - \ )  ........................................................ Equation 10
This is a more sophisticated measure than the Berger-Parker; it is 
weighted towards the most abundant species in the sample and is less 
sensitive to species richness. In essence, as defined, it measures 
'concentration', thus if the inverse, or some transformation that is 
equivalent to the inverse, is used, it can be used as a measure of 
diversity (Pielou 1974). It is not shown for every date but a comparison 
is made in Table 83 for 1995 and the first part of 1996. In general with 
respect to the Fleet it follows the Berger-Parker, but with lower values 
reflecting its sensitivity to species numbers.
Table 83. Comparison between the Berger Parker (d) and Simpson (D) indices of 
dominance.
Ferry Bridge Moonfleet Morkhams Abbotsbury
Phaeophyte Chlorophyte Subtidal Lake
d 1996 0.92 0.398 0.747 0.65 0.84 0.656
D 1996 0.84 0.158 0.557 0.422 0.70 0.43
d 1995 0.421 0.572 0.645 0.553 0.364
D 1995 0.34 0.451 0.468 0.408 0.27
Table 84. Berger Parker and Simpson indices used as indices of diversity
Ferry Bridge Moonfleet Morkhams Abbotsbury
Phaeophyte Chlorophyte Subtidal Lake
d 1996 0.08 0.60 0.25 0.35 0.16 0.34
D 1996 0.16 0.84 0.44 0.58 0.30 0.57
d 1995 0.58 0.43 0.36 0.45 0.64
D 1995 0.66 0.55 0.53 0.59 0.73
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Both these indices can give some information on diversity. As already 
discussed the lower the index for dominance, the greater the number of 
other species that must be present. For this reason it is often convenient 
to show such indices as the inverse, or 1-D. These inverses are shown in 
Table 84.
For both years they clearly show the greater diversity of the Abbotsbury 
site compared with the Ferry Bridge phaeophyte site, although the 
difference for 1995 is not as great as that for 1996. This is mainly due to 
the dominance of P.reinhardti in the phaeophyte pools.
However sampling effort was not equal for all sites: in 1995 there were 
fewer sampling dates at Morkhams Lake and Abbotsbury than at the 
other sites. In 1996 a similar situation arose as sampling effort was made 
to investigate the differences between the Ferry Bridge sites.
Rotifera of a marine lagoon P. 161
Table 85. Jacquard Similarity Index (Cj) for 1995 and 1996. The higher the score the 
greater the similarity between sites. AB=Abbotsbury, ML=Morkhams Lake, MF= 
Moonfleet, FB-S = Ferry Bridge Subtidal, FB-P = Ferry Bridge phaeophyte area, FB- 
C = Ferry Bridge chlorophyte area
1995 1996
Cj Cj
AB/M L 0.222 AB/ML 0.417
AB /M F 0.300 A B/M F 0.364
AB/FB - S 0.222 AB/FB - S 0.308
AB/FB - P 0.273 AB/FB - C 0.308
AB/FB - P 0.267
M L/M F 0.600
ML/FB - S 0.200 M L/M F 0.800
ML/FB - P 0.500 ML/FB - S 0.571
ML/FB - C 0.571
M F/FB  - S 0.333 ML/FB - P 0.444
M F/FB  - P 0.571
M F/FB - S 0.667
FB-S/FB -P 0.286 M F/FB - C 0.667
M F/FB - P 0.500
FB-S/FB-C 0.500
FB-S/FB-P 0.750
Table 85 compares the different sites using the Jaquard index. AB/ML 
means that Abbotsbury is being compared with Morkhams Lake,
ML/FB-S that Morkhams Lake is being compared with the Ferry Bridge 
subtidal are and so on.
The low similarity between Abbotsbury and the Ferry Bridge sites in both 
years is noticeable, and confirms the subjective impression that the two 
areas are quite different in their ecology. The high similarity between 
Moonfleet and Morkhams Lake is also unsurprising; both are more or less 
in the middle of the shore coastline of the Fleet, and are subject to similar 
tidal flows (although rather lower in the case of Morkhams Lake). Salinity
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is fairly high for both sites, and less subject to the variations found at 
Abbotsbury. The algal populations were not analysed in detail but appear 
fairly similar, although Chaetomorpha was never found at Moonfleet. The 
figures for 1995 would appear to be more typical of the general situation 
found in the Fleet, since subjectively there appears little similarity 
between the subtidal and phaeophyte zones at Ferry Bridge, but the 
difference in the results for the two years may reflect the low species 
numbers encountered.
3.15 Species diversity
Diversity indices simply indicate how diverse a biota is, without any 
consideration of what taxa are involved; it is perfectly possible for two 
stations to contain an entirely different assemblage of species, but show 
the same index of diversity (of whatever kind), but they are widely used as 
an indication of ecological richness.
3.15.1 Shannon (Shannon-Weiner)
This is given by:
H' = -Zpj In pj ................................................ Equation 11
Where p, is the proportion of individuals found in the ith species.
Most definitions use log2 as the logarithmic base on which this index is 
defined, but Magurran (1988) points out that any base may be used, so 
long as it is used consistently, and natural (Naperian) logs are often used 
in other areas of ecological analyses, and indeed, in some cases are 
mandatory, and recommends their use with this index: It is widely used 
by ecologists. It is derived from information theory, and is based on the
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idea that information in a natural system can be modelled by considering 
it in a similar way to information in a message (Shannon was an 
information engineer). It is fairly easily calculated using a computer 
spreadsheet - and is therefore popular with ecologists! B u t a s  an index 
for biological and ecological purposes it suffers from a number of 
drawbacks: it assumes that individuals are sampled from an infinitely 
large population, and that all species are represented in the sample - it 
has to estimate the unsampled as well as the sampled part of a 
community. It is also relatively insensitive to sample size. As Table 86 
shows the indices are very low. Indices of over two might be expected in 
freshwater assemblages
Table 86. Shannon Index of Diversity for the Ferry Bridge site
Date Phaeophyte
pools
Chlorophyte
pools
Subtidal
hollows
20/02/95
16/03/95
30/03/95 1.0334 1.3664
12/04/95 1.1445 0.7908
28/04/95 1.3337 0.7785
18/05/95 0.9480 1.1324
01/08/95 1.5992
31/08/95 1.7046 1.0871
12/10/95 1.5535 0.8017
27/10/95 0.6667 0.9238
19/01/96 1.2706 1.3520 1.2703
08/02/96 1.1644 1.0733 1.0242
22/02/96 1.2039 1.1318 1.0387
15/04/96 0.8128 1.6132 1.0800
02/05/96 1.2932
3.15.2 Species abundance models
The comparatively low numbers of species made modelling problematic. 
However in 1996 12 species were encountered which enabled some 
curve fitting to be made.
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Table 87 below shows the result of grouping species into decades and
plotting numbers of species in each decade against the number of 
animals in that decade. There are a number of models of distributions 
that can be derived from such curves, the most common are geometric, 
log, log normal and ‘broken stick'. The curve for 1996 appeared to fit the 
log distribution best, and this was confirmed by a X2 test for goodness of 
fit. This gave 0.7 probability and therefore the null hypothesis is 
discarded. The implications of this are further considered in ‘Discussion’.
Table 87. Numbers and percentages of total for all species in 1996
Number %Total
Proales reinhardti 1653 67.33
Encentrum marinum 459 18.70
Proales halophila 132 5.38
Encentrum listensoides 92 3.75
Q.nh iralla rjir^anirQ
27 1.10
Encentrum algente 23 0.94
Notholca bipalium 21 0.86
Aspelta clydona 18 0.73
Lindia torulosa 10 0.41
Colurella unicauda 6 0.24
Notholca salina 6 0.24
Testudinella clypeata 6 0.24
Encentrum plicatum(?) 2 0.08
TO TA LS 2455
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Figure 117. Plot of species abundance against species sequence. The broken 
stick and geometric curves are hypothetical.
There are four widely used models for species abundance, which give 
different curves on a species abundance/species sequence like that 
shown in figure 120. The geometric series assumes that a dominant 
species pre-empts a proportion k of a limiting resource, such as food, the 
second most dominant species pre-empts the same proportion (k) of the 
remainder, and so on. This plot will then assume the appearance of a 
steeply descending straight line. The log normal series is typical of a 
large, mature and varied natural community, and results when a large 
number of factors act to determine the variable, and those factors are 
subject to random variation.
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3.16 Bacterial levels in the Fleet
As noted many of the species under investigation are bacterivores or 
detritivores capable of eating bacteria. Bacterial levels in the Fleet were 
investigated:
It had been proposed to use epi-fluorescence with the fluorochrome 
Acridine Orange (AO), but Kepner and Pratt (1994) comment that no 
fluorochrome is truly specific to bacteria, noting that AO binds to both 
RNA and DNA. They suggest that size and shape are important in 
making identification. Much of the suspended material in the Fleet is 
organic in nature, and would therefore stain with the fluorochrome 
anyway.
In view of this other means of assessing bacterial levels were 
investigated. Examination of water samples using transmitted light 
through a green (560nm) filter under phase contrast with Olympus 
objectives showed that bacteria showed up clearly but were too dispersed 
for adequate statistics to be done
Initially it was proposed to use Whatmans Cyclopore translucent filters 
with a pore size of 0.6pm or 0.3pm, and filtration of known volumes. 
However it became clear that the variable, but often high, levels of 
particulate content of the water resulted in clogging of the filter using the 
100mbar vacuum available. This clogging was not consistent and 
therefore other methods were investigated. Edmondson(1959) suggests 
an old technique of immersing two microscope slides back to back for a 
known time. He cited previous authorities as stating that three to ten
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days were necessary to establish adequate colonies, but he himself had 
obtained very satisfactory results after less than 24 hours. Tests on water 
from the Fleet showed that after exposure to bacteria-rich water for 24 
hours the bacteria were too easily washed off, but when the slides were 
coated with a thin film of egg albumen, and then dried, the bacteria 
adhered and resisted rinsing in distilled water. Slides were coated with a 
one inch square of albumen brushed on, and then dried for at least 24 
hours at ~25°C. Slides were incubated for 24hrs in water samples from 
the Fleet, and produced good comparative results.
§ * i i  ^  Attempts were made to make
;  r  i  _ permanent mounts using glycerine
jelly or polyvinyl lactophenol.
Initially these seemed successful, 
/  „ but 24hrs later osmotic effects had
10 mu # rendered the bacteria
Figure 118. Videomicrograph of part of 
albumen coated slide. X40 objective
unrecognisable.
There were difficulties accessing the Abbotsbury embayment on 
occasions during 1998 due to maintenance work being carried out at the 
Abbotsbury Swannery, so Morkhams Lake was sampled when taking 
samples at Abbotsbury was not possible. It was felt that this was close 
enough to warrant combining the measurements for the two locations to 
be valid.
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Table 88. Bacterial numbers in a standard microscope field. FB=Ferry Bridge, 
ML/AB = Morkhams Lake or Abbotsbury. Significance of the difference between 
the two sites. NS= Not Significant. Mean is that of 5 fields.
Most
significant
at
ML/AB
Mean St dev
FB
Mean St dev P
11-01-98 NS 52.00 14.17 1.50 0.58 NS
28-02-98 ML/AB 12.73 1.83 12.73 1.83 <0.01
16-05-98 FB 6.18 1.83 12.73 4.01 <0.01
12-06-98 ML/AB 49.22 5.40 18.15 4.84 <0.01
24-07-98 ML/AB 16.20 2.39 1.60 2.30 <0.01
An approximate calibration was made by counting the numbers filtered on 
a Whatmans O.Gjum millipore filter from 50 drops of the water under 
examination from a pipette. 50 drops of distilled water at 20 j€  were 
weighed on an Whatman’s AE80 electronic 4 place balance, and the 
volume of the 50 drops filtered by the millipore filter deduced from this, 
since by definition 1 ig = 1ml. The numbers of bacteria on the filter were 
estimated by counting five video fields, calculating a mean, and then 
multiplying this by a factor to derive the total number on the filter.
An albumen-coated slide incubated in the same water for 24hrs was also 
examined and the bacteria counted by the same method. This enabled 
an approximate ratio of slide counts to numbers per litre to be derived:
50 drops of distilled water weigh 2.5470g, and contains a certain number,
then a litre should contain = 392.62 times that number, and this is
the factor that was applied to the raw counts from the albumen coated 
slides.
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Figure 119. Bacterial levels during 1998
Bacterial levels were 
variable, but generally 
higher at the blind 
(Abbotsbury/Morekhams 
Lake) end than at the 
open end (Ferry Bridge), 
except during May, when 
levels were low anyway. 
This correlates with 
species richness and
abundances.
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4.0 Discussion
4.1 Sampling
The whole thrust of the Investigation was to the rotifer populations of the 
littoral algae, rather than the plankton which, even for marine rotifers, has 
been well-studied. This type of sampling has been described as stratified 
sampling (Elliot 1977). The problem of meaningful quantitative sampling of 
littoral rotifers is a difficult one because of the low numbers involved and 
the variety of habitat. A preliminary survey showed that the rotifers were 
confined to the algal regions in the Fleet, and efforts to find them in the 
interstitial sands between the algal regions failed, although this was the 
only other habitat that offered a viable alternative, and other workers have 
found substantial rotifer populations in this habitat (Tzschaschel 1979,
1980 & 1983).
Most of the general literature on rotifers cover plankton sampling in some 
detail, and even, in some degree, cover quantitative sampling of the 
interstitial, but details and suggestions for the quantitative sampling of 
littoral rotifer populations are hard to find. Koste (1978) describes a 
number of sampling techniques for different situations but his suggestion 
of totally immersing plastic tubes with closures both ends to envelop a 
plant is not suitable here, because of the shallow nature of the pools.
Pontin & Shiel(1995) initially used a plankton net, with a 50pm mesh, 
vigorously worked through the macrophytes. Later they used a 40ml
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syringe with a 30cm plastic tube to extract rotifers on or around the 
macrophytes. Unfortunately they could not make comparisons between 
the two sampling methods, since it would seem that both techniques might 
not produce similar results for identical populations. The net technique will 
knock off many sessile rotifers and those which crawl and glide over the 
surface of the plants, but the pressure wave ahead of such a fine meshed 
net may push some free-swimming rotifers out of the capture zone. There 
is also the the question of clogging with such a detritus-rich habitat.
Another problem is that the different morphology of different species of 
macrophyte may influence the degree of protection offered by the 
macrophyte against the sweep of the net. Rotifers which preferentially 
settle in the axils of the leaves of some plants may be sheltered against the 
suction of the syringe, or for that matter, the sweep of the net. Sessile 
rotifers are known to show substrate selection (Wallace 1977). He 
suggested that one of the advantages of this selection is to give protection 
against potential predators,- in this context a vigorously wielded plankton 
net, or probing plastic tube, can be considered a predator!
Furthermore the syringe technique may not exert enough suction to 
remove many rotifers from the plants. The cement that rotifers can secrete 
to anchor themselves while filter feeding is surprisingly strong, as anyone 
who has attempted to remove one from a plant under a low power stereo 
microscope for further investigation can attest.
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However even if these techniques can be criticised on the grounds that 
they do not provide an absolute measure of the numbers of rotifers of 
different species on, or in the vicinity of different macrophytes, they do 
furnish valuable comparative data on the preference of one species for a 
particular species of macrophyte compared with another
4.1.1. Using the numbers per unit mass to measure abundances
Because of the difficulties of accurate measurement of surface areas of 
plant material as a substrate which do not reflect the three dimensional 
volume of algal material, the numbers per unit weight was used. This 
technique is not an original one. It was used by Coleman (1939) and 
suggested for use with rotifers by Peters et al (1993). Whether 
measurements are made per unit area or per unit weight it raises questions 
as to what exactly is being measured, i.e. what are the population growth 
limiting factors?
The roles of the algae in determining the value of it as a niche for rotifers 
are several and may comprise one or more of the following:
• Food in itself (direct consumption of the algal cell contents)
• Substrate for food, e.g. grazing of epiphytic diatoms, bacteria etc.
• Substrate for the rotifer, e.g. when filter feeding
• Substrate for the rotifers' prey - such as nematodes, protozoa, or even 
other rotifers
• Protection from water flow, e.g. preferential settling in axils
• Protection from predators
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• Possible substrate for eggs, either parthenogenic or sexually produced 
resting eggs
• Alterations of physico-chemical factors in micro-environments
There were correlations between temperature and some species 
abundances, but pH showed little correlation with rotifer numbers or 
species diversity, and which, in any case, varied widely at each site with 
factors such as weather and tidal conditions. A correlation with ammonium 
concentration levels, and species richness and abundances, and a similar 
correlation with salinity (conductivity) was found in the present study, and 
these are discussed later. Apart from these the most important factors 
affecting most rotifer abundancies are probably food availability and 
predation. The results of culture in the laboratory in a predator-free 
environment showed a greater population growth than was found in the 
field. Food availability comprises both the amount of food actually present, 
and the rotifers’ access to it. This latter point will be determined partly by 
the nature of the algae it inhabits.
However the technique of using rotifer numbers per unit weight does not 
take into account the different algal morphologies. Each will offer its own 
combination of length of filament, width of filament and surface area per 
unit weight. Lengths and widths were measured directly, and the area was 
calculated assuming the cross section of the filaments was circular. This 
assumption is probably correct for most of the algae concerned. Certainly 
Chaetomorpha filaments when seen end on are almost perfectly circular.
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Percursaria and Rhizoclonium also appeared to have a similarly circular 
cross sections when rolled over under the microscope. This simple model 
is less suitable for Enteromorpha] larger filaments seemed somewhat 
ovate or flattened in cross section, but this was difficult to quantify.
Another consideration is the degree of branching; Pilayella is well- 
branched, but Rhizoclonium, Percursaria and Chaetomorpha are rarely, if 
ever, branched. Enteromorpha is erratically branched. A more 
sophisticated model would include calculations based on the amount of 
tapering at the filament tip using the conical model, although this itself 
would not be wholly accurate in view of the curvature of the filament, and in 
any case was difficult to quantify. In the case of Percursaria and 
Rhizoclonium the method of sampling (scooping into an open bottle and 
tearing off any excess) meant that natural filament ends were rarely 
collected. In view of this it was felt that the simple model would 
provide adequate insight into any variation in numbers per unit mass due to 
the different lengths and areas of the filaments per unit mass.
The surface texture and possible coating of mucilage of the algae may also 
influence the settling and colonisation of the algae by the rotifers.
Mucilage production is more common in the phaeophyte algae in general, 
e.g. many Fucoids (Bring 1992), and algae such as Enteromorpha use 
mucilage to attach to ship hulls causing fouling problems (Daniel et al. 
1987). Also some of the freshwater chlorophyte species produce 
mucilage, notably Spirogyra, which is very rarely seen with epiphytic 
diatoms (Moss, pers.comm.)
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Mean widths and lengths, and the calculated areas per unit weight are 
shown in Table 53 in ‘Results’ and repeated here for convenience.
Table 87. Lengths and areas mg-1, and mean widths for some 
common Fleet algae
Length Area Mean
mm mg-1 mm2mg-1 Width
P haeophyte Pilayella 3865.90 295.80 24 .36  mm
C hlo ro ph yte  Percursaria 3154.29 301.86  30 .46  mm
Rhizoclonium 3100.06 278.68 28.61 mm
Enteromorpha 1258.23 223.07  57 .27 mm
Mean inc. Enteromorpha 2504.19 267.87  38 .78 mm
Mean exc.Enteromorpha 3127.18 292.11 27.81 mm
Weighting 1.25 1.09 0.72
Red (rhodophyte) algae are not found in any substantial proportion in any 
of the three areas studied, since they are better adapted to deeper water 
with its better tolerance of low light irradiance levels.
Visual inspection showed that the three species dominant in the 
chlorophyte area were inextricably entwined one amongst the other so the 
assumption was made that the species were distributed amongst the algae 
evenly, thus Enteromorpha accounted for some 33% of the total amount 
present. In view of the different lengths and areas per unit mass shown in 
the tables, the significances were re-calculated as shown in Section 3.9 
However differences between the two pools are significant whether or not 
the areas are weighted, although the significance does decrease when the 
weighting is used. For future work when the significance is marginal these 
factors will have to be taken into consideration.
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However, irrespective of any effect such a weighting might have on the 
statistics, two observations support the hypothesis that the rotifers per unit 
weight is a valid way of assessing littoral abundancies, at least in the case 
of P.reinhardti: in examining each sample before subsampling an initial 
estimate of the relative abundance was made under a low power stereo 
microscope, with a magnification of 20 - 40X, examining a large 
subsample in a 90mm Petri dish. These relative estimates agreed with the 
more precise numerical results, obtained by counting the small subsamples 
in the 6 celled culture dishes. Further, the ‘choice’ experiments, where the 
animals were offered the opportunity of settling either on Pilayella or on 
Rhizoclonium, demonstrated a positive selection toward the Pilayella, 
supporting the validity of the statistically significant greater numbers of 
P.reinhardti, found in field sampling, in the phaeophyte algal pools over 
those in the chlorophyte algal pools.
4.2 Physical characteristics affecting the distribution of the rotifers
4.2.1 Zonation
Zonation is an important 
characteristic of shores, 
particularly rocky ones.
Although the shore at 
Ferry Bridge is not a rocky 
shore, it has some 
characteristics in common
Figure 120.Typical pool in the phaeophyte area
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with such shores.
It is sheltered to some degree by Chesil Beach from wind and wave action, 
and therefore the sand substrate shows some of the stability that belongs 
to rocky shores, and the whole area at Ferry Bridge shows clear examples 
of zonation. The area colonised by phaeophyte algae included patches of 
pebble interspersed with sand pools, containing some unattached and 
attached stipes of Fucus spp. Around the bases of these stipes were 
usually clumps of fine filamented algae, almost exclusively Pilayella sp. 
that were extensively populated in late winter and early spring by the 
dominant fauna of the pools: the rotifer Proales reinhardti. There were also 
numerous unattached clumps of Pilayella sp. The area colonised by 
chlorophyte algae that was investigated is only 20m away but a little higher 
as is indicated by the time spent submerged during a tidal cycle, shown in 
Table 47 in ‘Results’. The difference in the algal colonisation of each is 
very marked. Occasional erratic patches of Pilayella and even Fucus are 
found in the chlorophyte area and patches of Enteromorpha and 
Percursaria are found in the phaeophyte area, but the dominance of one 
class over the other in the respective areas is very marked, see figs 120, 
and 121. This would appear to be related to tide levels and degree of 
periodic emersion. However Bring (1992) cautions against treating the 
apparent sharp demarcation of the zones as due exclusively to the water 
heights at a particular time, pointing out that other factors such as the 
degree of exposure to wave stress, slope and aspect (which will affect the 
degree of insolation, and which reduce the severity of thermal and 
dessication|stress) may also determine these boundaries The effects of 
the drying and temperature regime at Ferry Bridge will be accentuated by 
the fact that the time of low Spring tide is within an hour of midday. This 
does not occur in other parts of the British Isles, such as the west coast of
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Ireland, for example, but means that an area may be uncovered by water 
from sunrise to sunset.
In the chlorophyte area there are a 
number of clumps of the macrophyte 
Atrilplex portulacoides (Sea Purslane) 
growing. This marine shrub forms 
clumps of about 0.5m high, and 
approximately 1m across, and spaced 
about .5 to 1m apart. These will 
provide some shelter from wind and 
wave action.
4.2.2 Water movements.
The water movements in the Fleet turned out to be a little different from 
that anticipated. With respect to the subtidal site at Ferrybridge, It had 
been hypothesized that with the tide flowing the cold water of the incoming 
water from the English Channel would flow under the warmer top layer, 
along the bottom and through the algal clumps in the sand hollows. 
However both the flow bottle experiments and the sediment loading data 
indicate that the bottom layer is stable during most of the time.
The Abbotsbury site experienced considerable turbulence, but observation 
showed that this was mostly wave generated and the gross movements 
were simply rise and fall. This was measured only a few centimetres below 
the surface, whereas the Chaeotomorpha alga in which the rotifers were 
found formed beds of about 0.5m to 1 m thick at a depth of 10 - 20 cm. In 
the middle of the Chaetomorpha beds the rotifers were probably largely
-
. . . .
Figure 121. One of the pools in the 
chlorophyte area
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isolated from wave action at the surface. At Morkhams Lake and 
Moonfleet, conversely, there was an appreciable through flow in the algae, 
as shown by observation when the tide was running, and confirmed by the 
dye loss in the exposure bottles. With respect to to the subtidal site at 
Ferry Bridge, it was expected that the incoming cold water from the 
Channel would flow under the warmer top layers, and result in flow through 
the algal clumps at the bottom of the sand hollows.
However both the flow bottle experiments and the sediment loading data 
indicate that the bottom layer is stable during most of the time. The 
mechanism for the silt deposition appears to be that wave action at the 
margin brings silt and sediment into suspension within the top layer of the 
water. Considerable water turbidity has been observed from time to time,
Sedim ent w ashed out of 
upper shore by w ave action 
and into upper w ater layer
In calm er conditions sedim ent
drops out o f upper layer onto 
bottom or algal clumps
Algal clumps
Figure 122.Proposed model for the deposition of sedim ent in the sub-tidal algal clumps  
at Ferry Bridge.
both at Ferry Bridge and other parts of the lagoon. During the night when 
convection currents die down, or in periods of calm during the turn of the 
tide, the still water allows this fine material to fall out as silt onto the floor of
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the lagoon and cover the algae in the subtidal hollows, although the 
granularity analysis suggests that the slightly greater water movements in 
the body of the Fleet compared with that in littoral pools, may hold the 
finest silt in suspension longer than in the chlorophyte pools. Some of this 
will be organic and is likely to be colonised by bacteria and protozoa.
Thus the sub-tidal hollows, contrary to expectations, proved to be a very 
stable environment with respect to water movement, and this very stability 
led to high deposits of sediment on the algae, with less flushing of faecal 
matter and other organic detritus, possibly inhibiting the feeding behaviour 
of rotifers such as P.reinhardti, which for one reason or another, clearly 
prefer the more open mesh of the Phaeophyte alga of the littoral. Only 
rotifers such as E.listensoides, with its flexible body and slow feeding 
movements would benefit from the environment of the subtidal hollows. Its 
integument is rugose and normally covered with detritus (see the section 
3.7), although the purpose of this last is not clear, but possibly it acts as a 
deterrent to predators, or as a form of protective camouflage, giving the 
wrong chemotactic response to such predators.
4.2.3 Granularity of the substrate
The size of the grains of the substrate may be of significant importance.
The three sites at the Ferrry Bridge end of the lagoon provided a graded 
example of the effects of sheltering on the granularity of a substrate.
Evidence for the sheltering effect of the shrub A.portuiacoides is provided
by the data on the granularity of the chlorophyte area; the greater spread
of particle size implying less wind and wave action in sorting the particles
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into one or two classes, and allowing fine silt to remain once deposited. 
Even allowing for the limited shelter provided by the pebble bank of Chesil 
Beach, the site is windswept and wave chop is common on the Fleet. This 
will lead to the suspension of fine silt on occasion. Considerable water 
turbidity has been observed from time to time, both at Ferry Bridge and 
other parts of the lagoon. As noted above, these fine particles will fall out 
in calm conditions as silt. This silt forms a fine, near impermeable layer of 
only a few millimeters thick on the bottom of the pools in the chlorophyte 
area. Below this is a black anoxic layer of varying thickness, which 
generates H2S, which will diffuse to some degree into the layer 
immediately above it. It is possible that the anoxic H2S rich layer is so close 
to the surface that it inhibits the development of significant rotifer 
populations. With very few exceptions rotifers are not found in anoxic 
ri2S rich environments. Even in the phaeophyte area the oxygenated layer 
only extends a few centimetres before the black anoxic sand is 
encountered. This is in contrast with Tzschaschel’s investigations (1980) 
into the interstitial rotifers at Sylt where he found the anoxic layer further 
below the surface of the sand. It is possible that his site was exposed to 
more vigorous wave action than the the beach at Ferry Bridge, and the 
movement of well-oxygenated water through the substrate prevented the 
formation of the anoxic layer until deeper levels were reached. Samples 
were taken from the intertidal zone sand at Ferry Bridge and examined, 
using the aerated water method advocated by Turner (pers.com.) but no 
rotifers were found. Tzschaschel discovered appreciable rotifer populations 
in the interstitial habitat that Sylt. Fie found the highest populations in
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sand that was just below the Spring high tide mark. In the sand areas of 
the Fleet the concrete embankment which carries the road from Weymouth 
to Portland comprises the boundary of the high tide level, which laps up 
against this, and at that time the sand is covered with about 0.75m of 
water. This may contribute to the lack of rotifers found in the interstitial.
The coarser sand present in the phaeophyte area may have other 
consequences. The rotifer P. reinhardti thrived in this area, in contrast to 
the chlorophyte area, both in actual populations, where the differences 
between the populations in phaeophyte area and the chlorophyte area 
were significant on all but one occasion, and in the ‘choice’ experiments 
(see ‘Results’ section 3.9), where once again there were highly significant 
preferences for the phaeophyte algae over the chlorophyte algae.
The type of substrate may be related to the problem of how P.reinhardti 
populations are regenerated in the late Winter and early Spring, when algal 
populations grow again after the late Summer, Autumn and Winter hiatus. 
The most common strategy adopted by rotifers to survive unsuitable 
conditions is the production of resting eggs, although Tzschaschel notes 
(1983) that none of the species he found had known males, or were known 
to produce resting eggs. Nor has any other worker recorded resting eggs 
or males for e.g. P.reinhardti, but this is negative evidence, and the fact 
that no males or resting eggs have been observed does not warrant a 
conclusion that they do not exist. Resting eggs are known for the related 
species, P.werneckii, P.daphnicola and P. parasita (De Smet 1996), so it is 
probable that most Proales produce such eggs. Assuming this is the 
strategy adopted by P.reinhardti then those eggs must be deposited in the
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substrate, since the algae disappears from the littoral from Autumn to early 
Spring. In the coarser sand of the phaeophyte area these eggs could fall 
through the top layers to a depth below the surface where they might be 
better protected from potential predators. Conversely the fine, clay-like, 
floor to the chlorophyte pools would result in the eggs lying on the surface, 
and thus vulnerable to predation. Resting eggs are difficult to identify and 
relate to the species that produces them, unless found actually in the 
presence of that species or attached to them, so while it is possible that 
both P.reinhardti anô E.marinum produce such eggs, their form is not 
known. Similarly most Dicranophorids produce resting eggs, and males are 
known for E.marinum (De Smet 1997), so resting eggs for this species are 
certainly produced, since fertilisation of a mictic female by a male will 
produce such an egg. E.marinum showed significantly greater numbers in 
the chlorophyte pools, in 1996 on two occasions this rotifers was found in 
the chlorophyte pools, but not in the phaeophyte pools. On the one 
occasion it was found in both areas, twice as many were found among the 
chlorophyte than among the phaeophytes. It is smaller and more flexible 
than P.reinhardti so would move more easily amongst the more tangled 
filaments of the chlorophyte algae. Its resting eggs may be concealed by 
the tangle of chlorophyte algae or their eggs may be more resistant to 
predators. Many such eggs possess hard outer shells, or spines which 
presumably act as a protection against predation. Alternatively 
chemotactic effects, mucus etc., could also act as deterrents.to potential 
predators although the presence of such compounds has not been 
demonstrated.
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The sublittoral substrate showed an even greater proportion of fine 
particles than even the chlorophyte area. In this area the anoxic layer was 
often only a few millimetres below the surface. The algal clumps 
themselves carried a heavy load of silt, and this would probably have 
prevented rotifers from moving easily through the algal filaments. Even 
rotifers browsing on the surface of the clumps would have been subject to 
a fine rain of silt during periods of deposition, and their exposure on the 
surface of the clumps may have left them vulnerable to predators. The 
chlorophyte areas are less subject to sediment deposition, being exposed, 
and occasionally drying during the tidal cycle. However much of the of the 
algae there (Ectocarpus sp etc.) is covered with a mucilage (Newton 1931) 
and may therefore inhibit the settling of rotifers which normally feed by 
attaching themselves to the substrate, extending their cilial coronas, and 
then filter feeding, such as T.clypeata and P. reinhardti. The latter spends 
much of its time anchored to the substrate, but attempts to quantify this 
proved difficult; the animals varied greatly on the time they would spend 
attached. In one trial it varied from 20 seconds to 15 minutes, and then 
re-attached in about 5 - 20 seconds. An approximate estimate was that 
the P.reinhardti spent 80% of its time anchored, and the other 20% free- 
swimming. T.clypeata on the other hand, spends most of its time (>95%) 
attached to the substrate, with the cilial corona extended while it filter 
feeds. E.marinum appeared to show a preference for the chlorophyte 
algae, and this may be because its feeding behaviour does not involve 
attachment, but an active and incessant foraging, crawling among and
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gliding over the algal filaments, continually testing potential food items with 
its extensible trophi, thus the suitability of the substrate for settling would 
not arise.
4.2.4 Water cover.
Another factor which separated the two areas was the degree of emersion 
and immersion both experienced; the phaeophyte area v n underwent 
87% immersion, but the chlorophyte area was covered by water only 58% 
of the tidal cycle. The pools were filled, or moist, for longer than that, since 
after the water level had dropped, water would remain for some 
considerable time, until the pool either dried out, or became submerged 
again, but during the summer both areas were found to be dry during low 
tide, particularly during neap tide periods when the high tide level never 
reached either area. The Encentrum may be better adapted to periodic 
drying than the Proales. The effects of this are hard to assess, but in the 
chlorophyte areas might include periods of higher temperatures and rising 
salinity as the pools dry out more often. This would be mitigated by 
rainfall, which in the English climate is particularly variable and difficult to 
quantify on an average basis, but in any case would lead to higher and 
more variable salinities in these pools. The tolerance of the two dominant 
rotifer species to high salinities was not tested, but it is possible that 
E.marinum is more tolerant of both these variables than P. reinhardti. 
Certainly the laboratory experiments seem to show that P. reinhardti is not 
tolerant of prolonged high temperatures, which would suggest that the 
putative higher temperatures and perhaps salinities of the chlorophyte
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areas would inhibit reproduction in this area, which was in accord with the 
findings of the field sampling. Another aspect of the periodic drying 
associated with intertidal pools is the effects on potential predators. It may 
be that predators on E.marinum are less able to withstand the longer dry 
spells than those which prey on P.reinhardti. In this respect it is 
noteworthy that a well-known predator on E.marinum , Aspelta spp., was 
not found in the littoral pools at Ferry Bridge.
4.2.5 Ions in the Fleet
Inorganic ions, including NIH/ , NO3’ , PO43" and SiCV" generally showed 
no unexpected distributions in the Fleet, although both ammonium and
silica were high on occasion at the blind end of the lagoon. Ilchester
Estates which owns most of the surrounding farmland, which is rented out
to tenant farmers, is well-aware of the scientific and ecological importance
of the Fleet and has imposed controls on the use of fertilisers in the run-off
area which serves the lagoon. This is, in any case, fairly small.
Nonetheless there is significantly higher level of SiO/ at the brackish
enclosed end of the lagoon at Abbotsbury. This ion normally occurs in
water as a result of being dissolved out of surrounding terrain and being
washed into the water by rainfall. In view of the long flushing times for the
lagoonal water in the Abbotsbury embayment this is not surprising. There
is some evidence that jsiO/" levels may control the diatom populations
(Ruttner 1975), but diatoms were alway; present at Ferry Bridge, yet despite
that, rotifer abundances and species richness were lower in that part of the
lagoon. In addition P.reinhardti settled preferentially on phaeophyte algae
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rather than on chlorophyte, despite the fact that diatoms were more 
numerous on the chlorophytes.
In 1993 when equal sampling effort was made over all the sites (although 
the two intertidal areas at Ferry Bridge were treated as one), both 
abundance and species richness showed a significant correlation with 
ammonium levels. It is unlikely that this ion had a direct influence on rotifer 
numbers and species richness, but it may indicate that excreta from the 
swans in the area were also contibuting to the dissolved organic 
compounds in the water, which may have been of direct value to the 
bacteria on which some species fed. Ruttner (1973) points out that in 
lakes the amount of dissolved organic matter exceeds by several times that 
in particulate form (which is chiefly plankton). Future work should include 
Biological Oxygen Demand (BOD) measurements, which provides 
information concerning the easily assimilated organic fraction.
4.2.6 Salinity
The most marked feature of the physico-chemical gradients that exist 
along the length of the Fleet is the decrease in salinity from the marine end 
at Ferry Bridge to the enclosed end at Abbotsbury. The variability of this 
was also noticeably greater at Abbotsbury. With the unpredictable nature 
of rainfall in the British Isles, and the high temperatures encountered 
during part of the survey this was not unexpected taking into account the 
enclosed nature of the Abbotsbury embayment. At times the conductivity 
approached that of sea water (56mS), while on one occasion it dropped to
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12ms, when melting ice at the surface diluted the seawater flowing from 
the marine end.
As noted in the Introduction, there have been few studies of the rotifer 
fauna of the littoral habitat, and such studies that have been carried out 
have been confined to recording the species richness. Most studies that 
have been undertaken, such as Thane Fenchel (1968), show that species 
richness and total abundances fall with increasing salinity. Over a period 
of two years Thane Fenchel sampled the algae and interstitial sand of 
various locations on the coast of Denmark, although her quantitative 
studies were confined to the interstitial habitat. Her salinities were 
considerably lower than those found in the Fleet. Her best studied 
locations were Asko Harbour with a salinity of 6%0, Munkholm (11.5%0), 
Niva Bay (15 %„), and isefjord (19%0). In conductivities (which has 
superceded sodium chloride parts per thousand as a standard unit of 
measurement of salinity) these equate approximately to 9.6, 18.4, 24 and
30.4 mS conductivity respectively. At the highest salinity site she found 
only six species, which included those found in the Fleet, apart from 
Brachionus plicatilis O.F.M. At the site with the next highest salinity 
(Munkholm) she found only eight species, which included all the genera 
found in the Fleet, although the species were different. She did not record 
absolute numbers, but relative abundances and species found. She found 
only 6 species at Isefjord, compared with 28 in the much lower salinity 
waters of Asko Harbour. Unfortunately she did not record the relationship 
of the sampling points to the tidal zones, so a direct comparison is difficult.
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However on this score the Abbotsbury site, with an average salinity of 
approximately 24mS over the two years 1993/4, and which yielded 10 
species compared well with the Danish figures.
Similarly Green (1995) studied the rotifers in a Malaysian estuary along a 
conductivity gradient which went from 27jnS to 14mS. He sampled the 
open water, but comments that with the rich vegetation which 
characterised the stations, the net inevitably made contact and so collected 
periphytic rotifers as well. At stations down the estuary and near the sea 
the conductivity exceeded 20mS (the limit of his measuring equipment) and 
no rotifers were found.
Neither of these two studies included measurements of inorganic ions such 
as ammonium. However there is no mention in either work of unusual bird 
populations which is the most likely explanation of the high ammonium 
levels found at the enclosed end of the Fleet, so it is more likely that high 
salinity is the prime cause of low diversity at the marine end of the lagoon.
4.3 The effects of temperature on the population dynamics of 
P.reinhardti
The experiment on population dynamics at different temperatures suggests 
that P.reinhardti is very susceptible to high temperatures, and populations 
quickly die out at 18°C. Although P.reinhardti was found at Abbotsbury on 
8th August when water temperature in the surface layer was over 23°O, 
this was an isolated incident and the water at the sampling point there is
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deeper than at other parts of the Fleet, and tidal movement are less, so it is 
possible that the deeper and cooler water provided a refuge for P.reinhadti 
when surface temperatures rose.
However it is important to note that the initial response of the rotifer in the 
laboratory experiments to the higher temperatures was some reproduction 
at a similar rate to that of the rotifers kept in the cooler temperatures, 
causing an increase in numbers over the first four days, before populations 
declined quite quickly after day five. This would prevent a temporary warm 
spell, or temperature rise due to high insolation levels on cloud-free days in 
late March or April, triggering a premature decline in P.reinhardti 
populations when conditions were otherwise suitable for the rotifer. Such 
high temperatures were noted in the shallow water at Morkhams Lake and 
at Moonfleet in April 1997 when water temperatures exceeded air 
temperatures by from 5.5°C to 7.5°C respectively and reached 18.5°C and 
20.5°C. It was not possible to sample at Ferry Bridge on that occasion, but 
in mid-March 1998 on a clear day in early afternoon, with an incoming tide, 
pool temperatures were measured at 3 - 4°C higher than in the main body 
of the Fleet, and again some 5 - 6°C higher than the air temperature. It is 
possible that the mortality in the experimental dishes was caused by an 
increase in Biological Oxygen Demand (BOD) at the higher temperatures, 
or decay products from the algae, but there was no indication of morbidity 
of the algae that could be seen by visible inspection. A refinement of the 
experiment would be to introduce more rotifers in another set of replicates, 
after day 5 in the higher temperature samples. If these showed a similar
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pattern of initial increase in numbers, such factors as BOD and decay 
products could be ruled out.
Unfortunately the sand flats at Ferry Bridge are well-used by the public so it 
was not possible to install data logging equipment without the risk of it 
being stolen, but due to their shallow nature temperatures in such pools will 
fall sharply after nightfall, since in mid-March there is only some eleven 
hours of daylight, and the sun’s elevation is comparatively low, with a 
maximum of 37°. This is a time when diatom and algal growth is at a 
maximum, and clearly it would be disadvantageous for a relatively transient 
rise in temperature to result in a population crash, thus it may be that a 
prolonged increase in temperature is necessary before P.reinhardti 
reproduction is inhibited.
In the laboratory experiments care was taken, following visual inspection, 
to remove all possible predators, such as insect lavae, nematodes, 
copepods, and planarians. However in the field this did not apply. While 
P.reinhardti was the dominant fauna on some occasions, it was never the 
only taxon. It would seem that the substrate preference of the rotifer is 
genetic. Other factors might influence substrate selection and these may 
include freedom from predation, better protection for resting eggs, or 
easier movement through the filaments than in the chlorophyte area. The 
presence of considerable diatom populations in the chlorophyte area, as 
witnessed by the diatom counts for this class of algae in the ‘choice’ 
experiments, and the comparative low numbers of diatoms in the
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phaeophyte algae in the same experiment makes a genetic factor more 
likely, since when diatoms are available P.reinhardti is known to  ^gorge 
itself on them (Hollowday 1949, Thane-Fenchel 1968). In other areas of 
the lagoon when P.reinhardti was present the gut was often seen to be full 
of pinnate and other diatoms. Diatom counts were not made for the 
samples taken in the field during high P.reinhardti populations, and it it 
possible that diatom numbers were higher in the phaeophyte area during 
these periods. On the other hand De Smet (1997) lists a wide range of 
foods for P.reinhardti, including dinoflagellates and bacteria.
4.4 Survival of P.reinhardti in Summer and Winter
Another possibility arises from the problem of how P.reinhardti populations 
are regenerated in the late Winter and early Spring, when algal populations 
grow again after the late Summer, Autumn and Winter hiatus. One is the 
production of resting eggs, which has been discussed above.
An alternative strategy for the survival of the species over summer would 
be a population movement into deeper, and cooler, water in the body of the 
Fleet. Some support for this hypothesis was found from the sampling of 
the deeper parts of the Fleet at Morkhams Lake in November and 
December 1997, when populations oi P.reinhardti were found amongst 
filamentous algae which was associated with still-growing Zostera. It is of 
course, also possible that this could be a refuge for resting eggs. However 
by mid-December no Zostera was found at the same location, and only 
bare substrate remained. There is also the problem that the eelgrass
Rotifera of a marine lagoon P. 193
Zostera, which allows the growth of filamentous algae around its roots, 
does not grow in the Fleet East of the Narrows, some kilometres from Ferry 
Bridge. The substrate of the subtidal region between Ferry Bridge and the 
Narrows consists mainly of fine silt and clay, which would not support 
P.reinhardti. Dyrynda (1997) notes that the seagrass stands die off 
through October and November as the leaves increasingly turn brown, 
however the cover of dead seagrass across the central bed of the lagoon 
remains largely intact through the rest of the calendar year. This may well 
provide a refuge for P.reinhardti in the winter. In January the algae at the 
Ferry Bridge starts to regenerate and harbour populations of the rotifer. 
Thus there is the possibility of the continuity of live populations surviving 
year-round, although the transport mechanism remains unclear - the 
rotifers have to cover a distance of several kilometres.
This could be
Winddue to water
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Figure 123. Model for wind generated currents in the Fleet
such an
exposed area, and this will generate surface currents. However the resting 
eggs will be in deeper water and these are likely to be transported by the 
deeper counter-currents, and additionally the tides also generate an
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appreciable current flow. Easterly winds would be needed to generate 
surface easterly currents, and the associated return westerly current at 
deeper levels. Erratic clumps of the red alga Ceramium sp. have been 
noted at Abbotsbury embayment, even though it is not viable in such an 
environment.
Another vector could be the large swan and wild fowl population of the 
Fleet. Resting eggs could be carried either on the plumage or the feet of 
the birds.
4.5 Role of the structure of the foot of T.clypeata in determining its 
distribution
Testudinella clypeata O.F.M. is known as a marine species having been 
described by Hudson & Gosse (1886) in some detail, although they ascribe the
species attribution to Ehrenberg not O.F.M. It was found almost exclusively 
at the Abbotsbury embayment, at the brackish end of the lagoon, amongst 
the dominant alga - Chaetomorpha linum.
Many authorities describe the genus as possessing a foot ending in a ring 
of cilia; and depict it as such, cf. Donner, who states ‘...the foot terminates 
in a ciliated cup.’ Most drawings also display the foot as ending in such a 
cup.
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The implication is that the ciliated cup generates suction that attaches the 
rotifer to its substrate. However Koste (1978) includes a figure of T. patina, 
(which he attributes to De Beauchamps) which shows a brush, rather than 
a ciliated cup, although Koste makes no mention of this in his description 
of the species, or indeed, of the genus. Gosse himself (1886) wrote ‘ The 
long and flexible foot 
appears to be furnished with 
a central piston which 
protrudes and retracts its 
ciliated end; this is endowed 
with considerable powers of 
adhesion.’
Koste only shows one figure which includes the internal anatomy of the 
genus, taking T.patina as his example. It is not clear from this whether 
cement (foot) glands and their associated ducts are present. Hollowday 
drew the animal in 1951 and his figure clearly shows glands in the body of 
the animal which connect to ducts leading down inside the wall of the foot.
The present study using an inverted microscope seemed to show two 
outlets for the cement gland ducts on either sides of the foot. On occasion, 
when the rotifer attached to the glass surface, the cilial brush was inactive, 
and therefore during this time cement was probably the primary means of 
adhesion. The impression was gained that the brush also acts as a 
sensory organ, in a similar manner to the antennae of this and other
Figure 124. Foot of T.clypeata (after 
Hollowday)
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rotifers, and the brush tests the suitablity of the substrate for settlement. 
However it may be used to generate suction and thus provide extra 
security. As Gosse notes (op. cit.) the animal can exert considerable force 
to remain attached to its substrate. This would be useful when water flow 
or turbulence would otherwise tend to dislodge the animal, and it is 
possible that both means of attachment are used. The animal spends the 
great majority of its time attached to a substrate, rather than free- 
swimming, while filter feeding, and probably only uses its cilia when free- 
swimming as a means of locomotion. Thus security of attachment would be 
of considerable importance.
Figure 113 in Results shows that simple geometry reveals that on the finer 
filamented algae there is an appreciable gap between the edge of foot and 
the alga, in other words, assuming that suction is the mechanism that 
secures the rotifer to the substrate, there will be a ‘leakage’ of suction 
between the rotifers foot and the alga when the alga is small in diameter. 
Even if cement is the main means of attachment, the rotifer may be 
inhibited from settling when only part of the foot is in contact with the 
substrate, resulting in a loss of security. Most rotifer genera using cement 
from foot glands to attach themselves to a substrate do so through ducts 
which lead down to more or less pointed toes; the termination of the foot in 
Testudinella seems to be unique to this genus. This does not rule out some 
chemotactic mechanism for substrate selection by the rotifer, but the fact 
that none of the algae at Ferry Bridge, which included at least 4 species, 
was colonised by T. clypeata is suggestive, as is its preference for the dish
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floor when kept with the fine filamented alga in the ‘choice’ experiment. 
Table 76 in Results also shows that there may be a critical diameter for the 
algal substrate to enable the rotifer to attach.
4.6 Role of the algae in rotifer distribution
Rotifers vary widely in their form, nutrition and behaviour, and thus the kind 
of habitat that suits them is equally varied between the sessile and the 
plankton, and the herbivore and the carnivore. A true sessile will 
presumably require a reasonably stable substrate, with adequate room to 
extend the cilial corona and feed on detritus and small organic matter of 
various kinds in suspension.
There are some similarities between the four main genera of algae found 
at the marine end of the lagoon, which all had relatively fine filaments. The 
three chlorophyte algae were Enteromorpha, Percursaria and 
Rhizoclonium, but Enteromorpha was coarser than the other two. The 
phaeophyte algae in the pools which were studied comprised almost 
exclusively Pilayella with fine filaments, similar in width to Percursaria and 
Rhizoclonium. The algae at the other (brackish) end was largely 
Chaetomorpha (chlorophyte) which had much coarser filaments. The 
chlorophyte algae were mostly inextricably entwined and mixed to a degree 
where it was almost impossible to assess accurately the relative amounts 
of the genera present. In the still water of the phaeophyte pools the 
Pilayella would fan out, due to its branching morphology, presumably to 
expose the maximum area for photosynthesis. However the Chaetomorpha
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at Abbotsbury was six or seven times larger in filament size than the 
majority of the algae at the marine end of the lagoon, and moreover the 
beds of this alga presented an open mesh of the filaments, in sharp 
contrast to the compact tangle of the chlorophyte material. Since 
Enteromorpha is wider than the other two algae present in the chlorophyte 
area the area changes only slightly when weighting is used.
The mucilage that Enteromorpha produces may inhibit the settling of 
P.reinhardti on the algae in the chlorophyte pools. With respect to Pilayella, 
this is known to slough its outer cuticle at regular intervals (Chamberlain, 
pers.comm.), presumably as a deterrent to potential ephiphytes. These 
intervals will be too long to deter P. reinhardti from attaching, since the 
duration of such attachments is measured in minutes, rather than the hours 
or days between the periodic shedding of the cuticle. On the contrary the 
presence of the rotifer might be advantageous to the alga, in feeding on 
such epiphytes as would not be removed by the periodic shedding of the 
algal cuticle. In view of the results of the ‘choice’ experiments with the 
different classes of algae, it might well be that Pilayella secretes a 
substance that is attractive to P.reinhardti.
4.7 Rotifer feeding behaviour
The area available for browsing needs to be borne in mind when dealing 
with known bacterial and epiphytic algal browsers, such as Colurella. 
However this species does not attach itself, but moves along a filament, 
with its head down, grazing the epiphytic bacteria. Generally with the fine
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filaments of the algae present at the Ferry Bridge sites, the length will be 
more important than area, since even with the comparatively small cilial 
corona of Colurella, pressure and sound vibrations will signal the rotifers 
presence to others, and in any case there is hardly sufficient space for two 
rotifers to graze diametrically opposite one another! The exception might 
be the Enteromorpha with its more variable, and wider, mean width, 
although at about 57pm this is still much less than the length of even the 
small C.dicentra which averages about 80pm, and even more so with 
respect to the larger C.unicauda. However assuming that the whole 
surface of the alga is covered with bacteria - a reasonable assumption 
(Nybakken 1993) - then Enteromorpha offers less of a food resource in this 
respect than the other algae, although, as already noted in the case of 
area, this is very slight. It also should be noted that every surface will 
probably be covered with bacteria, including detritus, dead Zostera (which 
was occasionally found in both sites), and the infrequent pebble or shell.
A fruitful area for further research might be the role of cilial currents and 
sonic vibrations in determing the spacing of rotifers such as T.clypeata, 
and P.reinhardti in a feeding environment.
The feeding pattern of P. reinhardti consists of a mix of four types of 
behaviour: active swimming, when presumably small unicellular algae and 
bacteria are ingested; settling, extending its cilial corona and filter feeding; 
settling and feeding on epiphytic bacteria, diatoms and other algae by 
bending the body to bring the cilial corona into contact with the surface of
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the alga; and fourthly browsing, while not attached, on epiphytic material. A 
closely packed dense tangle of filaments will not be consistent with this 
behavioural pattern. Apart from this, the restriction of water currents will 
lead to a smaller amount of detritus being in suspension, and thus limit the 
amount of food available.
Rotifers in fresh water are known to be susceptible to destructive 
interference from filter-feeding cladocerans, such as Daphnia spp. whereby 
animals are drawn into the branchial chamber and destroyed. (Gilbert 
1985, 1988). At least one genus, Polyarthra spp., has been shown to be 
able to sense the feeding currents generated by Daphnia, and has evolved 
a skipping escape mechanism which minimises this interference (Gilbert 
1987). It is reasonable therefore to assume that they can sense feeding 
currents generated by nearby other feeding rotifers, and avoid settling in 
too close proximity to others. Since water is an excellent conductor of 
sound it is also probable that they can sense sonic vibrations generated by 
cilial activity at some distance from the origin, and use this to space 
themselves out on an algal filament
Since individual rotifers in a 
populations of P.reinhardti tend to 
space themselves out along an algal 
filament, presumably by sensing cilial 
currents or cilial vibrations generated 
by other rotifers, the length of algal Figure 125.Typical filam ents of Rhizoclonium
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filament, and the interstitial space between filaments, which are partly a 
function of branching, is therefore important to P.reinhardti.
However since the algal substrate remains the same, meaningful quantitive 
comparisons can be made between the populations of P.reinhardti in the 
phaeophyte area at different times, using the rotifers per unit weight of 
algae as a measure. As shown earlier in this thesis, P. reinhardti would 
seem to have few potential predators in this habitat, and the main factor 
responsible for falling numbers in the littoral pools in late spring is probably 
the rising temperature.
From the quantitative point of view it 
was fortunate that the majority of the 
algae in both areas at Ferry Bridge 
were similar in their dimensions. It 
proved impossible to quantify exactly 
the proportions of Enteromorpha 
present in the chlorophyte area, but a reasonable approximation might be 
25% of the total algal population. The coarser nature of the thalli of of 
Enteromorpha results in shorter length per unit mass compared to the 
other three genera present. The probablities for the difference in 
P.reinhardti abundance between the phaeophyte and chlorophyte areas 
were therefore calculated both for the the weighted length and unweighted 
length. The results are shown in Tables 68 and 70 in Results. Although 
there is some increase in the probability of the null hypothesis, in all cases 
it remains at significant or better compared with the unweighted result.
Since the increase in area, taking account of the different morphologies of
200mu
Figure 126. Typical filam ents of 
Enteromorpha
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the algae of the chlorophyte pools, is less than that of the increase in 
length, new probabilities were not calculated for this weighting.
The feeding behaviour of T.clypeata (found almost exclusively at the 
brackish end of the lagoon) has some points in common with that of 
P.reinhardti. Although it does not actively browse with the head down and 
coronal cilia in contact with epiphytic algae and food particles, and the foot 
free while moving along a filament, it filter-feeds while anchored to the 
substrate, and also presumably while free-swimming. So prima facie the 
phaeophyte alga at Ferry Bridge, at the extremity of the marine end, with 
its open mesh, should be a suitable substrate. If the rotifer attaches itself at 
least partly by the suction generated by the cilial current of the brush in its 
foot, then a good ‘seal’ between the foot and its substrate is essential. In 
the case of the fine filamented algae this is clearly not possible. The table 
suggests that there is a critical value for the gap of between 0.62jLim and 
0.09pm and hence for the diameter of the alga of between about 58pm 
and 380pm. Future work could examine the ability of the rotifer to settle on 
algae of intermediate width to the two extremes.
The absence of this rotifer at the Ferry Bridge site may be due to the lack 
of a suitable substrate in the pools. Other factors are possible, such as the 
stress imposed by the regular drying out of the littoral pools at Ferry 
Bridge, however Koste notes that the occurrence is ‘Besonders haufig im 
Brackwasser un in Tumpeln am Meerestrand’ (Especially frequent in 
brackish water and pools on the seashore). Such pools will also be subject
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to tidal movements and periods of drying at time of the tidal cycle, yet this 
does not seem to inhibit the rotifer’s viability in these pools.
On the other hand a rotifer such as E.marinum, which is small and with a 
flexible sinuous body form, which is able to move easily through a mass of 
filaments and which forages continuously without attaching itself to a 
substrate, will flourish in such an environment. It is predatory, and feeds 
on small nematodes and ciliates (Thane-Fenchel 1968). Similarly its 
predator, the agile Aspelta is well-adapted to such an environment. Again 
so long as comparisons are made for the same habitat, then the numbers 
per unit weight is a valid measure of abundances; however comparing the 
populations of, say, Encentrum in the chlorophyte pools with those of the 
phaeophyte pools becomes more problematic. Nonetheless the fact that 
fewer E.mannum were found in the phaeophyte area is significant and may 
reflect the utility of the closely packed filaments in reducing the rotifer’s 
exposure to predators.
4.7 Bacteria levels in the Fleet
The fact that so many rotifer species in the Fleet are known to be bacterial 
feeders raises the question of bacterial levels in the Fleet, and their 
measurement. The technique of relying on a 24hr settlement and growth 
of bacteria on albumen coated slides - a variant on the technique 
advocated by Edmonson (1959) - is open to criticism on a number of 
grounds: it may be that a number of bacteria will be captured that would 
normally be free in the plankton and therefore unlikely to be grazed by
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Colurella, bacteria that can metabolise albumen will reproduce 
preferentially and therefore their numbers will be exaggerated, conversely 
some bacteria that feed on the mucilage produced by some algae will be 
underrepresented, indeed some may not settle on the albumen at all. On 
the other hand it may be that the numbers reflect those that can 
metabolise albumen best.
The most clear-cut result from the samples taken is that the numbers are 
significantly higher at the blind end of the lagoon, at Abbotsbury and 
Morkhams Lake, where the water is brackish rather than marine, than at 
Ferry Bridge, where the lagoon is open to the sea. This is probably due to 
the long flushing times at this site, resulting in organic decay products 
being held in suspension, coupled with runoff containing organic products 
from the surrounding farm land. At Ferry Bridge there is a continual flow of 
fresh seawater in and out of the lagoon from the English Channel. The 
increase in numbers and species richness at the Abbotsbury end of the 
lagoon could be due to this, although the decrease in salinity seems to be 
the more probable reason.
4.8 Species found and their distribution
A total of 23 species was found. This is certainly an underestimate. It is a 
known truism that species found is proportional to sampling effort. It might 
also be said that the numbers found are proportional to the experience and 
knowledge of the person doing the sampling! But a similar study of a 
similar freshwater habitat would expect to find upwards of a hundred
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different species, and an order of magnitude more animals in total. In two 
years Martin (1979) found 85 species in a sphagnum bog. In two visits of 
approximately one month each Green (1995) found 63 species in a 
Malaysian estuary, the majority at the freshwater end the estuary. Even 
Thane Fenchel, studying brackish water environments in Denmark, found 
34 over a two year period, but as noted in the discussion on salinity, her 
sites were generally subject to a much lower salinity than those of the 
Fleet. The reasons for the paucity of marine littoral rotifer populations are 
not clear. Prima facie many of the sites in the Fleet would seem to offer 
suitable habitats for littoral rotifers. There are good populations of diatoms 
and other micro-algae, and genera such as Synchaeta, Proales and 
Colurella flourish, so it is difficult to understand why other genera have 
failed to exploit this habitat.
Identification presented difficulties. Many of the species found (but not 
genera) are problematic to some degree, and even acknowledged 
authorities differ amongst themselves as to the attribution of an animal to 
one species or another. When quantitative work is attempted the problems 
become more acute when time has to be considered. If a doubtful animal 
is encountered a decision has to be made, as to whether to break off the 
counting and make a positive identification of what may be a rare animal or 
even a new species, or to continue the count. The time taken to identify an 
animal can sometimes be considerable; and can be a matter of many 
hours, during which mortalities can occur, or even reproduction, which 
would make the quanititative counts invalid. In this study priority was given
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to the quantitative aspects of the work, since this is something that has not 
been attempted before for the marine periphytic littoral. A totally new 
species and a number of rare ones were unambiguously identified.
Several of these are first British records, and one, Encentrum listensoides 
De Smet is the first time that it has been found since discovered by De 
Smet in pools on the Dutch coast in 1997 (De Smet in press).
The new species, Proales fleetensls, seems to be quite closely related to 
Proales syltensis Tzschaschel, but positively separated by a number of 
features, some of which need further elucidation by scanning electron 
microscopy of the trophi, but others such as the two prominent eyes 
distinguish it unambiguously from P.syltensis.
The Fleet in some ways presents an ideal environment in which aiiopatric 
spéciation (involving spatial separation of population by geographical 
barriers) can occur. It is largely marine in chemistry, but not typically 
marine in that many parts experience a considerably reduced tidal flow 
compared with the Channel coast proper. Similarly the pounding Channel 
breakers which have been responsible for the pronounced grading of the 
pebbles of the Chesil Beach are absent in the more sheltered shoreline of 
the Fleet. It is therefore more stable than a more typical marine 
environment. There is a degree of geographic isolation in that there is no 
similar habitat for these species to exist within hundreds of kilometres. It 
is large - the largest such lagoon in Europe - and while it has some 
estuarine characteristics it differs in as much as there is no through flow of
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freshwater, resulting in long water residence times, particularly at 
Abbotsbury. All these factors combine to make the Fleet unique.
The Dorset shoreline borders the English Channel, which merges with the 
North Sea whose opposite coast includes the site on the Eastern Scheldt 
in the Netherlands, where De Smet found E.listensoides. The possible 
vectors responsible for the distribution of species in these regions could 
include sea birds and oceanic currents. Apart from tidal movements the 
currents which might distribute rotifers include the Gulf Stream and the 
North Atlantic Drift. The Gulf Stream runs partly along the English Channel 
essentially west to east. Part of the North Atlantic Drift runs south down 
the east coast of the British Isles, before turning east towards the 
Netherlands. This would support the argument that E.listensoides 
originated as a species in the Fleet, and was then spread by water currents 
to the Netherlands coast.
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Similarly it is possible that P.syltensis derives from the closely related P. 
fleetensis, and has evolved from the Fleet animal, and then P.fleetensis 
has outcompeted P.syltensis in some respect, or is better adapted to the 
different conditions which obtain in the Fleet compared with the Sylt site. 
P.syltensis has then died out in the Fleet. DNA studies might clarify this, 
but neither animal has been reported since its original discovery. Rotifers, 
in common with many other organisms, often exhibit a sporadic 
occurrence, with one species appearing in considerable numbers one year, 
and which is then not found again for many years. P.fleetensis has not 
been found since 1995 despite regular sampling of its habitat in the Fleet.
It is quite possible, therefore, that P.syltensis may be present as dormant 
sexual resting eggs, without the adults being found.
4.8 Ecological Indices.
The basic variables that describe a habitat are abundance and species 
richness. Abundance simply describes the number of individuals per unit 
measure, species richness enumerates the number of species present.
This simple description conceals a lot of information. If in one habitat one 
animal ‘a’, and 99 animals ‘b’ are present, the species richness will be two, 
as it will be in another habitat where 50 animals of species ‘a’, and 50 of 
species b, but clearly there are wide differences in the community structure 
of the two habitats. For this reason a wide variety of indices has been 
derived to describe, and discriminate between, different habitats.
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The use and utility of such ecological indices to describe a biological 
community has been the subject of almost interminable debate amongst 
ecologists for years. As Magurran (1988) wryly observes "... for a number 
of years it was standard practice for an author to review existing indices, 
denounce them as useless and promptly invent a new index’
The main variables that the indices seek to quantify are
Dominance
Equitability
Diversity
Similarity (between one site and another)
Dominance seeks to show what species are the principal ones in the 
habitat that is being investigated. Equitabity shows how evenly the 
different species are spread in the community, and diversity shows how 
many different species make up the community. However it is often the 
case that one index will give information on more than one variable.
The Berger Parker index used in the Results section of this study is a 
simple measure of dominance, and shows which taxon comprises the 
manority of animals found at a site, but it can also give some indication of 
equitability: a BP of .5 (or slightly higher) shows that there must be at least 
two other species present, otherwise with only one additonal species the
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index for that species would be greater than 0.5. Thus the lower the index 
for the dominant species the greater the equitabilty. It is however quite 
insensitive to numbers: a BP of 0.5 for an animal could indicate 5 out of ten 
were that animal, or 50 out of 100.
Magurran makes the point, that although there a large number of indices, 
with different discriminatory powers, each with its own advocates, there is a 
general concordance among the different indices when it comes to ranking 
a number of sites for diversity. In other words, although the sensitivity of 
the index may be higher or lower than another, it will not place one site as 
more diverse than another, in contradiction to the ranking by another index.
The indices vary in their ability to discriminate between different habitats, 
and in their sensitivity to the presence of some species in very low 
numbers; a frequent aspect of most ecological surveys.. Equitability shows 
how evenly the total population is divided amongst different species
Diversity shows how many different species there are. Work in this field 
has been strongly influenced by communication science. Diversity in 
essence measures the probability that after encountering one species the 
next animal encountered will be the same species. This is analogous to the 
probility that having encountered one letter in a message the next letter will 
be the same. A message consisting of aaaa has a probability of 1 that the 
next letter will be the same. A population consisting entirely of one species 
a will have the same probability.
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The widely used Shannon index was derived by Shannon, who was a 
communications engineer, in 1949. Magurran does not favour the 
Shannon index, despite its widespread use, pointing out that it is 
insensitive to different abundances, but remains the same provided the 
proportions of different species is the same.
However many of the indices in use will give useful information on more 
than one variable There is a technique - rarefaction - for adjusting the 
differences between sample numbers when sample sizes are not equal, 
but Magurran recommends that where possible samples should be kept 
equal. In this case comparisons have been made for years when an equal 
sampling effort was made for the Ferry Bridge sites, although there was a 
lower sampling effort at Morkhams Lake and Abbotsbury.
The Fleet is rather poorer in both respects than an equivalent freshwater 
rotifer community. However given equal sampling effort, both abundances 
and species richness increased from the marine end of the lagoon at Ferry 
Bridge to the brackish end at the Abbotsbury Embayment. This correlates 
with both salinity (negatively) and ammonium, although the latter may be 
coincidental and not causal. The changes in salinity at Abbotsbury may 
present changing ecological niches to different species: one which can 
tolerate high levels of salinity will reproduce, while others remain as resting 
eggs. Then when salinity drops those species’ eggs may hatch and co­
exist with the salt-tolerant species. When salinity was low at Abbotsbury
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in 1993 species richness was comparatively high. Equally in 1995 when 
salinity was low species richness at this location was also high.
Conversely in those years or seasons when salinity was high, species 
richness was low.
On occasion the dominance of P.reinhardti in the Spring in the phaeophyte 
area was very marked. Conversely the diversity of this area was low. It 
would seem that this rotifer exploits a niche that other organisms cannot. 
The open mesh of the filaments allows the rotifer to move freely, and while 
its preferred food, diatoms, is not available, probably due to the periodic 
shedding of the cuticle by Pilayella (Chamberlain pers.comm.), the 
freedom from predators, such as nematodes or predatory copepods, and 
its ability to feed on bacteria or small algae, which may colonise Pilayella 
more quickly than diatoms, compensate for this.
The log normal distribution found in the rank/abundance plot may be said 
to indicate a mature and varied natural community (Magurran 1988), 
despite the low numbers found in the Fleet. This may indicate that their 
importance is greater than their numbers would suggest, due to their high 
reproductive rate.
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Conclusions and future work
Most rotifer genera would appear to adapt poorly to marine and near­
marine levels of salinity.
An inverse correlation exists between salinity on one hand, and rotifer 
species richness and abundance on the other. Rotifer species diversity is 
very low in saline and brackish-water environments compared with their 
fresh-water equivalents.
The morphology of a rotifer, such as T.clypeata, may be important in 
determining what alga or algae it selects as habitat. The relationship 
between the rotifer morphology and the morphology of the algae it 
inhabits is an important consideration in determining its distribution, and is 
an area in which future work is planned.
Rotifers avoid areas of fine sediment deposition, possibly because it 
hinders their movements through algae, or it may interfere with their 
osmoregulation through their flame cells (protonephridia).
The rotifer P.reinhardti showed a marked preference for one class of alga 
(Phaeophyta) compared with another (Chlorophyta). E.marinum on the 
other hand showed a weaker reverse preference. This may be due to 
chemical stimuli or the morphology of the algae. It is planned to test both 
possibilities. The chemical hypothesis could be tested by using a mesh, 
too fine for the rotifers to pass, to separate the alga from the rotifers, and 
then observing their behaviour. An extract could also be used on an 
otherwise inert substrate.
The ‘dye flow bottles’ proved a robust, cheap and effective method of 
assessing water disturbance with a good degree of repeatability. It is 
planned to develop this further.
The use of digital image capture and a computer program such as 
SCIONIMAGE, with its ability to measure average pixel density, its 
standard deviation, and provide histograms, provides an easy way to 
measure some of the morphological characteristics of the algae 
concerned.
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